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Acronyms

AEA Atomic Energy Act of 1954

AR averaged replicate

ASTM American Society for Testing and Materias

CcC complexant concentrate

CCw complex concentrated waste

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federd Regulations

CPLX complexed waste

DBP dibutyl phosphate

DOE U.S. Department of Energy

DOE-RL U.S. Department of Energy, Richland Operations Office
DSSF double-shell slurry feed

DST double-shell tank

Ecology = Washington State Department of Ecology

EDTA ethylenediaminetetraacetic acid

EPA U.S. Environmental Protection Agency

FSP field sampling plan

HDRL Hanford defense residual liquid

HEDTA N (2-hydroxyethyl) ethylenediamine tetra acetate
HEIS Hanford Environmental Information System
Kgal one thousand gallons



MEMO
Mgd
NCPLX
oww
PNNL
PTA
PUREX
QAPP
QA/QC
RCRA
REDOX

RLS

TBP
TOC
TOX
TPA
TSD
uS/cm
WAC
WHC

WMA

monitoring efficiency model

five million gallons

non-complexed waste

organic wash waste

Pacific Northwest National Laboratory
phosphotungstic acid process
plutonium- uranium extraction

quality assurance program plan

quality assurance/quality control
Resource Conservation and Recovery Act
reduction oxidation

radionuclide logging system

sampling and analysis plan

sngle-shell tank

tributyl phosphate

total organic carbon

total organic halides

Tri-Party Agreement

treatment, storage, and disposal units
microSiemens per centimeter
Washington (state of) Administrative Code
Westinghouse Hanford Company

Waste Management Area
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1.0 Introduction

This document describes the interim-status groundwater monitoring plan for Waste Management
Area (WMA) A-AX. The planisin accordance with the Resource Conservation and Recovery Act
(RCRA) of 1976, as described in 40 Code of Federal Regulations (CFR) 265, Subpart F, by reference of
Washington State Administrative Code (WAC) 173-303-400 (3). It is designed to meet interim status
requirements for WMA A-AX and replaces the previous plan that included al single-shell tank (SST)
WMAS in one document (Caggiano and Goodwin 1991; Jensen et a. 1989). In accordance with requests
from U.S. Department of Energy-Richland Operations Office (DOE-RL ), separate monitoring plans have
been developed for each of the seven WMAs.

Since 1944, radioactive waste has been generated as a byproduct a the DOE Hanford Site during
plutonium production for national defense activities (Figure 1.1). Mixed waste (radioactive and
dangerous chemical) left from the processing of irradiated fuel rods was stored in 149 underground
single-shell tanks since that time. Two single-shdll tank farms, 241-A and 241-AX, congtitute the WMA
A-AX defined for use in developing and operating the groundwater monitoring network. This WMA is
located in the 200 East Area of the DOE Hanford Site. The facilitiesin this WMA are included in the
RCRA Dangerous Waste Permit Application, PART A (interim status) submitted in accordance with 40
CFR 265.93. Asdefined, this WMA may differ from RCRA waste management operable units delineated
for remediation under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA).

The WMA A-AX consists of six SSTsin 241-A Tank Farm each with a capacity of 1 Mgal
(3,785,000 L) and four SSTsin 241-AX Tank Farm each with a capacity of 1 Mgal (3,785,000 L)
(Figure 1.2). Also included are ancillary equipment consisting of seven diversion boxes, associated
piping/diversion stations, valve pits, pumps, and the 244-AR waste transfer vault. Theinitia
groundwater monitoring network was designed for southwest flow and did not include coverage for the
244-AR vault. Recent andysis of the flow direction and inclusion of the 244-AR vault into the permit
dictate that the network be redesigned for current conditions. Tasks required to bring the plan into
alignment with current subsurface conditions and the RCRA permit application are identified in this plan.

Current Regulatory Status
In November 1980, the SSTs were removed from active service and replaced by double-shell tanks
(DST) for the receipt of new waste and for transfer of waste from SSTs. Liquid is currently being

pumped from various SSTs at the DOE Hanford Site to the DSTs for long-term storage
(HNFEP-0182-131).
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In May 1987, DOE issued afina rule (10 CFR 962) stating that the hazardous waste components of
radioactive waste, defined as hazardous waste under RCRA, are subject to RCRA regulations. In
November 1987, the U.S. Environmental Protection Agency (EPA) authorized the Washington State
Department of Ecology (Ecology) to regulate the hazardous component of radioactive mixed waste within
the state of Washington (51 FR 24504). Consequently, DOE (radioactive constituents) and Ecology
(hazardous chemical constituents) jointly regulate the waste stored in the SSTs.

In May 1989, DOE, EPA and Ecology signed the Tri-Party Agreement (TPA) (Washington State
Department of Ecology 1994). This agreement established the roles and responsibilities of the agencies
involved in regulating and controlling remedia restoration of the Hanford Site, which includes the SST
RCRA WMAs. Aspart of the RCRA regulatory process, a RCRA Part A (interim status) permit
application (DOE/RL-88-21 1996) and closure/work plan (DOE/RL-89-16 1996) have been submitted to
Ecology for the SSTs. Although the SSTs are not included in the Hanford Site RCRA permit, the permit
application serves as the guidance for groundwater monitoring and delineates specific ancillary equipment
(e.g., vaults, diversion boxes) that are included in the WMAS.

Waste Retrieval and Closure Plans

As aresult of negotiating efforts from March to September 1993, DOE, Ecology, and EPA revised the
tank waste disposal and closure strategy. Certain aspects of the closure plan affect current and future
groundwater monitoring strategies. The plan requiresthat SST waste be retrieved from the tanks and
separated into high-level and low-level radioactive fractions. The low-level radioactive waste will be
vitrified, and disposal will be onsite in a manner that does not preclude subsequent retrieval. The vitrified
high-level radioactive waste will be sent offsite to a geologic repository. It isaso stipulated that the SST
farm operable units, including tanks, contaminated soil, and ancillary equipment, will be closed as treat-
ment, storage, and disposal (TSD) units under a single set of regulatory standards pertaining to the
hazardous waste constituents (i.e., WAC 173-303, “Dangerous Waste Regulations’). The radioactive
constituents continue to be managed in accordance with the Atomic Energy Act (AEA) of 1954. Closure
of the SST farmsis to be concluded by 2024. 1n accordance with these long-term goals and regulatory
requirements, it is prudent and cost-effective that major modifications of the groundwater monitoring plan
consider both the impacts of waste retrieval on the subsurface and the extended monitoring needs of these
closure plans.

1.1 Plan Objectives

Thisrevision of the original RCRA groundwater monitoring plan has several gods. Firg, itis
desirable to have separate monitoring plans developed and employed for each SST WMA as opposed to
having one encompassing plan. This RCRA monitoring plan is specificaly tailored for WMA A-AX.
Second, according to the most recent revision to the Part A (interim status) permit application, the
244-AR vault and ancillary equipment have been added to the WMA A-AX system. Coverage of the
vault and the ancillary equipment was not included in the original monitoring strategy (Caggiano and
Goodwin 1991). This plan provides the groundwork to collect the data needed to design the additional
groundwater coverage. Third, based on first determination results of groundwater investigations at four
other SST WMAS, it has been shown that the adequacy of current coverage provided by the origina
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networks is margina when the determination of the source of the contamination isrequired. Also, severa
RCRA sites have experienced changes in groundwater flow direction in response to the dissipation of the
B-Pond and U-Pond mounds. The 200 East Area has aflat water table that makes determination of the
hydraulic gradient and flow direction difficult. This plan contains a course of action to obtain the data
needed to make a more accurate estimate of the flow direction. Any modifications to the current well
network indicated by flow direction will be addressed by later changes to this plan.

1.2 Scope and Organization

This document describes the facilities and associated outlying equipment, operational history and
characteristics of the stored waste at WMA A-AX. Thisisfollowed by discussions of the site geology
and hydrogeology used in design and operating the monitoring well network and in interpreting the
groundwater data. The historic groundwater chemistry is also provided. Next isthe WMA A-AX con-
ceptual model used to guide work on identification of potential sources and source type, migration
pathways, and driving forces.

The plan includes a description of current well locations and construction, sample constituents, and
sampling frequency. It also discusses the adequacy of the current monitoring network required for
compliance with 40 CFR 265, Subpart F and WAC 173-303-400 (3). Findly, this document provides the
basis for rapid development of an assessment plan should any of the indicator parameters result in a
validated exceedence of calculated background critical means.
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2.0 Background Information

To design and operate an adequate groundwater monitoring program for a Waste Management Area
(WMA), knowledge of the surface conditions, facility histories, the nature of possible contamination, and
subsurface conditions is required. This section provides an overview of the facilities that comprise WMA
A-AX. Itincludes abrief account of the facilities operationa histories, a description of waste currently
stored in the tanks, and a discussion of the subsurface conditions found under the 241-A and 241-AX
Tank Farms. The stratigraphic framework is provided along with the nature of the unconfined aquifer and
the current state of groundwater quality in the immediate area of the WMA. The bulk of the information
in this section can be found in Agnew (1997), Anderson (1990), Hanlon (1999), Caggiano (1991),

U.S. Department of Energy-RL (DOE/RL)-88-21 (1996), and Kupfer et a. (1997).

2.1 Facility Description

Located along the eastern boundary in the southeast quadrant of the 200 East Area, both 241-A and
241-AX Tank Farms are near numerous double-shell tank (DST) farms with an extensive system of
transfer pipes/valves, pumps, and catch tanks (Figure 1.2). Included in the farm perimeters are seven
inactive diversion boxes listed as part of the WMA A-AX (DOE/RL-88-21 1996) and the 244-AR Vaullt,
located west of the 241-A Tank Farm.

The 241-A Tank Farm contains six 100 series single-shell tanks (SSTs) constructed from 1954 to
1955. The 241-AX Tank Farm contains four 100 series SSTs constructed from 1963 to 1964. These
tanks have an operating capacity of 1 Mgal (3,785,400 L) each. The SSTsin these farms were used to
store mixed wastes primarily from the Plutonium-Uranium Extraction (PUREX) process.

Tank configuration and dimensions are shown in Figure 2.1. The tanks are below grade with at least
six feet of soil cover to provide radiation shielding to protect operating personnel. The inlet and overflow
lines are located near the top of the liners. The 241-AX Tank Farm is the only one in the 200 East Areato
have a system of underground leak detection pipes located horizontally under the tanks. Access to these
lateralsis through vertical 12 ft (3.7 m) diameter caissons sunk approximately 70 ft (21.3 m) below grade
(Figure 2.1). From each caisson, three |aterals are bored horizontally under each tank bottom about ten
feet below the cement base pad. Currently none of these laterals are in use (Hanlon 1999).

The SSTs were constructed in place with carbon steel (American Society for Testing and Materials
[ASTM] A283 Grade C in 241-A Tank Farm and ASTM A201 Grade C in 241-AX Tank Farm) lining the
bottom and sides of areinforced concrete shell. The tanksin the 241-AX Tank Farm, although essentially
the same as 241-A Tank Farm, have a grid of drain sots benegth the steel liner bottom to collect potential
tank leakage. Any leaked liquid is then diverted to aleak detection well. The grids also served as an
escape route for free water released from concrete grout during initial heating of the tank.
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Figure 2.1 Schematic Showing the Construction of a Typical Single-Shell Tank with a1 Mga
Capacity. After DOE/RL-88-21.

The 241-A and 241-AX Tank Farms, dong with 241-SX Tank Farm, contain the only tanks with a
right angle intersection of the sides and the bottom. Most of the other SST tanks have a dished intersec-
tion between sides and bottom. The configuration of the side-bottom intersections and the method of
welding combine to create an inherent weakness at these |ocations when subjected to heat stresses. In
some cases, these weaknesses have resulted in leaks to the subsurface.

Some waste generates enough heat to cause boiling of the tank supernatate. The tanks in both 241-A
and 241-AX Tank Farms were salf-boiling. Vapors from the boiling action were routed through headers
to condensers, which are vented to the atmosphere through filters. In the past the resulting condensate
was either discarded to cribs or returned to the waste tank where it was used to maintain the desired liquid
levelsin tanks.

Recently added to the WMA, the 244-AR Vault contains four permitted underground tanks along
with overhead crane operations equipment. Constructed in 1976, the four underground units are stainless
steel waste storage tanks. Also included are high-pressure pumps used to transfer water or tank supernate
through specialy designed nozzles to tanks being duiced. A schematic showing tank configurations,
depth below grade and the overhead crane is provided in Figure 2.2.

Nonboiling liquid waste from the operations building was sent to the tank farms via underground

lines and diversion boxes. Leaks occurred in the diversion boxes or into the surrounding line encasement
drain and was collected by catch tanks.
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Figure 2.2 Schematic of the 244-AR Vault, which Consists of Four Smaller Tanks with Dimensions and
Storage Capacities as Shown. This vault was used in the transfer of waste from B-Plant to
the eastern farms and in duicing operations during the 1970s. It has recently been included
in the Part A Hazardous Waste Permit Application (DOE 1996). After DOE/RL-88-21.

The leaked liquids were then pumped to the large SSTs. These transfer lines and diversion boxes are
listed as part of the WMA in the Part A permit (DOE/RL-88-21 1996). The catch tanks, however, are not
listed as being part of the managed Resource Conservation and Recovery Act (RCRA) WMA.

Included in the SST system are seven inactive diversion boxes designated as waste piles along with
the transfer pipesto the DST systems and associated equipment (DOE/RL-88-21 1996) (Figure 2.3). All
diversion boxes used within the farms are inactive and presently isolated or covered from the weather. As
used here, “isolated” means exterior water intrusion has been restricted. The diversion boxes are included
in the RCRA permit application because they were an integral part of the waste transfer system. The
boxes are important in the plan because some were the sites of contaminant rel eases to the subsurface. 1t
is estimated that each box contains 50 Ibs (23 kgm) of lead, and they are listed as waste piles (Hanlon
1999).

Pertinent information on the A-AX tanks, waste transfer vault, and the diversion boxesis provided in
three tables. Table 2.1 lists the tanks, vault, and diversion box numbers, year of construction, year
removed from service, and operating capacity. The date atank was declared a leaker, the volume of
leaked waste and associated curiesis provided in Table 2.2. Table 2.3 provides the current inventory and
status of the 100 series tanksin WMA A-AX. Data on tank integrity, the total waste in the tank, total
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Figure 2.3, Schematic of a Typica Diversion Box Transfer System. There are seven diversion boxes
listed in the Part A Hazardous Waste Permit Application (1998). After DOE/RL-88-21.

pumpable liquid remaining in the tanks, total liquid pumped out of the tank during interim stabilization
and the dudge/salt cake volumes for each tank are included in this table (Hanlon 1999).

After November 1980, high-level liquid radioactive waste was sent only to DST farms where the
tanks have two separate liners of carbon steel with aleak detection system between thetwo. The first
DSTswere placed into servicein 1971. The 241-AN Tank Farm, containing seven DST's constructed in
the early 1980s, and 241-AZ Tank Farm, containing two DST's constructed during the mid-1970s, are
north of 241-AX Tank Farm. The 241-AY Tank Farm, east of 241-AX Tank Farm, contains two DSTs
constructed during the late 1960s. Directly south of 241-A Tank Farm is the 241-AW Tank Farm, with
six DSTs constructed during the late 1970s, and the 241-AP Tank Farm, with eight DSTs constructed
during the mid-1980s. Each of these farms has associated underground transfer lines, catch tanks, and
diversion boxes, which not only limit the location of monitoring wells with respect to WMA A-AX but
also present potential complications for discerning contaminant sources both in the past and future.

24



Table 2.1. Summary Data for Facilities Comprisng WMA A-AX

Year of Year Removed Operating Capacity
Tank Number Construction from Service (gal)
241-A-101 1954-1955 1980 1,000,000
241-A-102 1954-1955 1980 1,000,000
241-A-103 1954-1955 1980 1,000,000
241-A-104 1954-1955 1975 1,000,000
241-A-105 1954-1955 1963 1,000,000
241-A-106 1954-1955 1980 1,000,000
241-A X-101 1963-1964 1980 1,000,000
241-A X-102 1963-1964 1980 1,000,000
241-A X-103 1963-1964 1980 1,000,000
241-AX-104 1963-1964 1978 1,000,000
Year of Year Removed Operating Capacity
Diver sion Box Construction from Service® (Ibs)
241-A -152 1955 1985 NA
241-A-153 1966 1985 (?) NA
241-A X-151 1963 1985 NA
241-A X-152 1962 NA NA
241-A X-155 1983 1985 (?) NA
241-AY-151 1975 1985 (?) NA
241-AY-152 1970 1985 (?) NA
Year of Year Removed Operating Capacity
Tank Number Construction from Service (gal)
244-A R-001 1976 NA 43,000
244-A R-002 1976 NA 43,000
244-A R-003 1976 NA 4,785
244-A R-004 1976 NA 4,785

NA = Not applicable.
(a) Isolation date.

Table2.2. Tank Leak Volume Estimates (After Hanlon 1999)

Date Declared Associated Interim Leak

Confirmed or Kilocuries Stabilized Estimate
Tank Number | Assumed Leaker | Volume Leaked (gal) Bics Date Updated
241-A -103 1987 5,500 06/88 1987
241-A-104 1975 500to 2,500 0.8t01.8 09/78 1983
241-A -105 1963 10,000 to 277,000 85t0 760 07/79 1991
241-A X-102 1988 3,000 09/88 1989
241-A X-104 1977 8,000 08/81 1989
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Table2.3. Inventory and Status by Tank (After Hanlon 1999)

Drainable | Pumpable
Stabilization/ | Total Total Liquid Liquid Salt
Tank Isolation Waste Pumped Remain Remain Sludge | Cake
Tank Integrity Status (Kgal) (Kgal) (Kgal) (Kgal) (Kgal) | (Kgal)
A-101 Sound A 953 0.0 721 697 3 442
A-102 Sound |S/PI 1 39.5 6 0 15 2
A-103 Assumed ISP 371 111.0 20 0 366 0
leaker
A-104 Assumed ISP 28 0.0 0 0 28 0
leaker
A-105 Assumed ISP 19 0.0 4 0 19 0
leaker
A-106 Sound ISP 126 0.0 7 0 126 0
AX-101 | Sound A 748 0.0 558 534 3 359
AX-102 | Assumed ISP 39 130 17 3 7 28
leaker
AX-103 | Sound I1S/IP 112 0.0 36 3 2 110
AX-104 | Assumed ISP 7 0.0 0 0
leaker
IP = Intrusion prevention.
IS = Interim stabilized or isolated.
Pl = Partialy interim.

Located just south of SST 241-AX 103, adjacent to the WMA boundary and just north of the 241-AW
DST Farm is the 242-A Evaporator/Crystalizer. The 242-A Evaporator Building contains the evaporator
vessel, supporting process equipment, and the principal process components of the evaporator-crystallizer
system (DOE/RL-92-04 1993). Thisis currently an active facility periodically running waste concentra-
tion campaigns with active waste transfers. A leak associated with this facility would be difficult to
separate from aWMA leak.

2.2 Facility Operational History

The Hanford Site, established in 1943, was originally designed, built, and operated to produce
weapons-grade plutonium using production nuclear reactors and chemica processing plants. In March
1943, construction began on three reactor facilities (B, D, and F Reactors) and three chemical process
facilities(B, T, and U plants). After WWII, six more reactors were built, the last being N Reactor
(DOE/RL-92-04 1993).

Operations in the 200 Areas were centered on the separation of special nuclear materials from
irradiated nuclear fuel. There are two main separation processing facilities located in the 200 East Area
The first is B Plant (221-B Building), which began operations in 1945, where plutonium and later certain
fisson products were separated from uranium. The other is the PUREX Plant (202-A Building), con-
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structed between 1953 and 1955, where plutonium and uranium were extracted from reactor fuels (Kupfer
et a. 1997; DOE/RL-92-04 1993). The waste sent to tanksin WMA A-AX came primarily from
operations at the PUREX Plant and the B Plant waste fractionation process.

Between 1945 and 1952, the bismuth phosphate process (BPP) was used at B Plant to recover
plutonium. The process was discontinued therein 1952. 1n 1968, B Plant was used for a second mission,
recovering cesum and strontium fission products from the liquid wastes stored in the SSTs and from
wastes concurrently produced by the PUREX process. This process was termed B Plant Waste Fractioni-
zation. Stored PUREX and Reduction-Oxidation (REDOX) waste tank supernates were processed for
¥"Csand ®Sr removal. In addition, the waste produced at PUREX during this time was processed for
%5r removal. Settled dudge solids in the 241-A and 241-AX SSTs were also sluiced and transferred to B
Plant for *°Sr removal. In 1974, work began on precipitating and encapsulating the recovered cesium and
strontium. Cesium recovery operations in B Plant were completed in September 1983, while strontium
recovery operations were completed in February 1985. Other than the capsule storage at the Waste
Encapsulation and Storage Facility, the B Plant facility is inactive (DOE/RL-92-05 1993; Westinghouse
Hanford Company [WHC]-MR-0132 1990; Kupfer et d. 1997).

Between waste fractionization campaigns, a solvent extraction process was used in B Plant to recover,
concentrate and purify *°Sr and rare earths from the acid waste being generated at PUREX. The PUREX
high level waste produced before 1968 but present in the settled dudges in 241-A and 241-AX Tank Farm
SSTswere also processed with this solvent extraction process (Kupfer et a. 1997). Various organics
including tributyl phosphate (TBP) were used as extractants and as chelating agents. These organics were
part of the solvent extraction system wastes and were the main source of the organics currently found in
the Hanford waste tanks.

Used between 1956 and 1972, the PUREX process was an advanced solvent extraction technique
adapting TBP in normd paraffin hydrocarbon for recovery of plutonium, uranium and neptunium from
nitric acid solutions of irradiated uranium. This process was utilized at the PUREX plant between 1956
and 1972, processing aluminum-clad fuels and after 1966, some Zircaloy-clad fuels (Kupfer et al. 1997).
After 11 yearsin standby, the plant resumed operations in November 1983. Only Zircaoy-clad fuels
were processed from 1983 to 1989. In 1966 and 1970, two thorium campaigns were run in the 202-A
Building. The waste generated from these events was sent to the 241-C Tank Farm. Operations ceased
at PUREX Plant in 1990, and adecision to shut down the facility was announced in December 1992.

2.2.1 Tank Operational History

The PUREX Plant came on line as a production facility in January 1956 and processed approximately
72% of the reactor fuel produced at the DOE Hanford Site. This included natural and enriched aluminum
clad uranium fuel, aluminum-clad thorium fuel, and Zircaloy-clad N Reactor fuel. The processing wastes
included high-level solvent extraction wastes, both self-boiling and *non-boiling,” and the cladding
wastes, organic wash wastes and cell drainage. The neutralized PUREX acid waste was routed to the
241-A, the 241-AX Tanks Farms, and later to DSTs. Until 1969, the sodium carbonate organic wash
wastes were combined with the self-boiling high level PUREX wastes for purposes of waste reduction.
After 1969, these wastes were routed to non-boiling low level waste storage in 241-C Tank Farm.
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Thefirst two tanks to receive PUREX waste were 241-A-101 and 241-A-102. These tanks were
partidly filled with wastes that did not boil because the initial volumes were large. In May 1956, waste
that was high in salts was sent to 241-A-103 where the volume was controlled sufficiently so that the
wastes generated enough heat to boil. The remaining tanks in this farm came on line in the next few years
receiving PUREX wastes, either high level and/or organic wash waste. Agnew (1997) states that,
athough tanks in both 241-A and 241-AX Tank Farms were equipped for boiling wastes, only
241-A-101, -102, -103, -104, and -105 were saf -concentrating tanks.

The 241-A Tank Farm received primarily PUREX waste from the 202-A Building until 1968. After
B Plant Waste fractionization began, these tanks were suiced beginning with 241-A-101 to provide feed
for the fractionation process. Tanks 241-A-104 and 241-A-105 were found to be leaking. Sluicing opera
tions were completed in 241-A-104 to remove residual waste. The history for 241-A-105 is more
complicated and is provided in the next section.

The 241-AX Tank Farm began receiving waste primarily from the PUREX plant in 1965. Tanksin
this farm continued to receive PUREX waste until 1969. Tanks 241-AX 101 and -102 began receiving
fractionization waste in 1969. These tanks were duiced in 1975 to provide feed for B Plant.

Tanks 241-AX-103 and -104 received only PUREX waste until 1973 when PUREX dudge tank supernate
was stored in these tanks. Each tank was duiced in 1976. Theliquid level in 241-AX-104 was kept low
after duicing because of questionable tank integrity.

Except for 241-A-104, -105 and 241-AX-104, after 1977, the tanks in both farms received waste
listed as evaporator feed, double-shell durry feed (DSSF), non-complexed waste (NCPL X), complexed
waste (CPLX), complex concentrated waste (CCW), complexant concentrate (CC), and Hanford Defense
Residual Liquid (HDRL) (WHC-MR-0132). Presumably, this organic waste is from the final solvent
extraction process run at B-Plant to concentrate *°Sr and rare earths.

The tanks in both farms were removed from service in 1980 except for three tanks (Hanlon 1999).
The dates of last service for tanks 241-A-104, -A-105, and -A X-104 were 1975, 1963, and 1978, respec-
tively. Information on the nature of waste received at each tank along with estimates of waste volume
that boiled off and the amounts of cooling water added is provided in Anderson (1990). Specific tank
waste additions and transfers through 1979, the last full year of active operation, are included. After this
time, information on SST operations can be found in the “living document,” HNFEP-0182-131 (Hanlon
1999), which is published monthly to report on tank status and farm operations. Appendix A contains the
current total waste inventory of hazardous and nuclear chemistry on atank-by-tank basis. Inventories
were estimated with the Hanford defined waste model (Agnew 1997). These data are used to form a
complete list of site-gpecific contaminants for groundwater water monitoring and for comparison with
observed groundwater chemistry.

In general, vaults were utilized as a central receiving station between SSTs or from other waste
generating facilities to the SSTs. Vaults could aso be used to treat waste aready stored in the SSTs. The
244-AR Vault was constructed with stainless stedl interim waste storage tanks so that acid waste from
PUREX could be stored and processed for *°Sr removal without having to neutraize or reacidify the
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wastes. In addition, high-pressure pumps in the 244-AR-Vault were also used to transfer water or tank
supernate through specially designed nozzles to tanks being duiced for dudge removal to support the
fractionization process a B Plant during the 1970s.

222 Tank Leak History

It isdifficult to determine the exact causes of tank failure. While there are several mechanisms sug-
gested for failure, including stress, corrosion, cracking and mechanical tearing of the liner, the extreme
difficulty of direct inspection makes it impossible to accurately characterize specific failures. After
testing in 1958 at the SX Tank Farm, a horizontal system of three lateras was installed in 1961 beneath
the 241-A tanks to detect radiation and monitor temperature changes under the tanks. At thistime,
additiona dry wellswere dso installed. A later improvement in leak detection was the incorporation of
drain channels and sump collection wellsin the AX tank design.

Tanks storing self-boiling wastes have been equipped with liquid level measurement devices that
provide an indication of changesin tank contents. These farms aso include dry wells but additional wells
were drilled in strategic locations around various nortboiling waste tanks as a means of detecting tank
leakages. The dates of these drywell installations at 241-A- and 241-AX Tank Farms can be found in
Anderson (1990).

The 241-A Tank Farm has three tanks that have leaked, 241- A-103, A-104, and A-105, while the
241-AX Farm has two, 241-AX-102 and AX-104. Agnew (1998) advised that the leaks in AX-102 and
AX-104 were located in the header lines at the 20-inch vapor line in each tank. Tank 241-A-105 has
experienced the largest lesk, and its leak history is discussed in detail below. The estimated total leak
volume from each of these tanksis provided in Table 2.3.

Tanks 241-A-103, 241-A-104, and 241-AX-102 have leak volumes below 5500 gal (Hanlon 1999).
Leak volumes for 241-A-103 (5,500 gal) and 241-AX-102 (3000 gal) were estimated based solely on
observed liquid level decreases, which is thought to be the most accurate method of leak volume
estimation. The approximate leak volume for 241-A-104 is between 500 and 2,500 gal. All of these
tanks are listed in Hanlon (1999) as interim stabilized.

The actua leak volume for 241-AX-104 is not known. Tank 241-AX-104 began receiving PUREX
waste in 1958 and was sluiced in 1969. It was not discovered as a leaker until it was duiced again in
1975. The remaining liquid was removed and the tank was taken out of service. Tank 241-AX-104 is
one of 19 SSTs, listed as leakers, with no direct means of estimating leak volumes. Since no estimate of
liquid levels can be obtained directly, a method to estimate leakage was devised based on the cumulative
leak volume of 18 tanks for which there are liquid level data. It was assumed that the cumulative leakage
of the 18 tanks with known leak volumes should equal that of the 19 tanks for which there was no way of
estimating leak volume. This method resultsin aleak estimate for 241-AX-104 of 8,000 ga (Hanlon
1999).

Not included in tank leak estimates are surface leaks, waste transfer line leaks, leaks at the joint for
the overflow or fill lines, cooling/raw waterline leaks, or surface intrusions from rain infiltration. Leaks
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from catch tanks, diversion boxes, or encasements are aso not included in volume estimates (Hanlon
1999). For events that are known and documented, the location and identifying number of surface spills,
overflows, or line leaks are provided on the location map in Figure 1.2.

The following description of past events at tank 241-A-105 are taken from WHC-MR-0264 (1991)
and Allen (1991). Although built in 1955, 241-A-105 was not used until May 1962 when it was made
ready to support the PUREX cesium recovery program. Before that time, the tank contained a maximum
of 18in. (46 cm) of water. In May 1962, 330,000 gal of supernate were added followed by several
transfers of waste into and out of the tank. PUREX waste was added and the tank reached boiling
temperature in early March 1963. As early as September 1963, unexplained tank level increases (12 in.)
started to occur. Steam was probably forming under the tank liner at this time, deforming it upward
(WHC-MR-0264 1991). In November 1963, low-intensity radiation was detected in one |eak-detection
lateral. Later evidence indicated, however, that the suspected side wall leak had self-healed. The tank
was filled to capacity in December 1964.

In January 1965, a severe steam explosion occurred in tank 241-A-105. Shortly after, an 80,000-gal
(302,833 L) bulge in the floor of the metal liner was discovered. The bulge is approximately 8ft (2.4 m)
above the concrete foundation. Subsequently, radiation was detected in drywells around the tank and it
was declared aleaker. In 1968, when the tank was pumped down for duicing, it was established that the
metal liner had ruptured and significant amounts of sludge were suspected to reside under the bulge.

Sluicing operations to remove waste from the tank began in August 1968 and continued intermittently
through August 1970. To keep tank temperatures below operating limits, cooling water was added until
January 1979 when the tank was put on a portable exhauster system.

The current estimate of the total leak volume for tank 241-A-105 is 10,000 to 277,000 ga (37,900 to
1,050,000 L) (WHC-MR-0264; Hanlon 1999). Earlier estimates excluded the cooling water lesks, but in
1991, the leak volume estimates for this tank were updated in accordance with the Washington State
Adminigrative Code (WAC) regulations Dangerous Waste Regulations (WAC 173-303-070 [2][dl[ii], as
amended, Washington State Department of Ecology (Ecology), 1990, Olympia, Washington).
Consequently any cooling water added and subsequently |eaked from the tank must be classified asa
waste and included in the total leak volume.

For theinitial leak prior to 1968, the total leak volume is estimated as 5,000 to 15,000 gd (18,927 to
56,781 L). While the tank was being sluiced from August 1968 to November 1970, it was estimated that
5,000 to 30,000 gal (18,927 and 113,562 L) leaked from the tank. From November 1970 to December
1978, 610,000 gal (2,309,101 L) of cooling water were added to the tank. In WHC-EP-0410 (Allen
1991), it is estimated that 378,000 to 410,000 ga (1,430,886 to 1,552,019 L) of water evaporated out of
the 241-A-105 tank from November 1970 to December 1978. Subtracting the minimum evaporation
estimate from the added cooling water provides a maximum estimate of 232,000 gal (878,216 L) of
cooling water leakage during those 8 years. Estimated leak volumes are reported for the remaining tanks
in both farms in Table 2.2.
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2.2.3 Recent History

Currently, treatment of the mixed waste in the SST system, consisting of al SST farms, occurs when
solids and intertitial liquids are separated and/or cooling liquids are added. These treatment processes
involve, but are not limited to, mechanical retrieval, suicing, and saltwell pumping of the mixed waste.
The entire SST system has a process design limit of 600,000 gal (2,271,240 L) per day based on the
simultaneous pumping of two SSTsin a 24-hour period. Ancillary equipment use for the transfer of
liquid mixed waste consists of: 1) centrifugal pumps capable of pumping liquid mixed waste at 400 ga
(1,514 L) per minute, 2) induction pumps capable of pumping liquid waste from the salt well at 5 gd
(29 L) per minute, and 3) associated valves and piping to the DST system.

Another activity conducted in SST farmsiis leak detection. The primary method of ascertaining the
integrity of the tanks is by monitoring the liquid levels within the tanks, accounting for liquid evaporation
and accounting for known liquid increases. The liquid level method has the ability to detect aleak of
8,000 ga (30,283 L) in anonboiling tank (moist solid), with aleak detection limit on liquid surfaces of
~1,300 gal (~4,900 L). Up until 1994, a secondary method of leak detection around the SSTsincluded
the use of gross gamma logs from adjacent dry wells located in the farms. Recent data were compared to
previous logs to determine if contamination exists and ascertain if contamination movement has occurred.
Unfortunately, this method is limited to detection of only the gamma emitting waste in proximity of the
borehole and excludes detection of the mobile beta emitting radionuclides like **Tc.

Because of the advanced age of the SSTs, the pumpable liquid is currently being removed from the
SSTsand stored in DSTs as part of the interim stabilization project. For areview of stabilization
pumping at WMA A-AX, see Table 2.3. Most of the pumpable liquid has been removed from these tanks
with the exception of 241-A-101 (697,000 ga [2,638,432 L]) and 241-AX-101 (534,000 gd
[2,021,410L]). Sdtwel pumping of these tanks is scheduled sometime before FY 2004, the date for final
stabilization of al SSTs.

The 242-A Evaporator-Crystallizer lies on the southern boundary of WMA A-AX next to well
299-E25-46. It started operationsin March 1977 but was shut down in April 1989 because of regulatory
issues pending subsequent upgrading. The evaporator was restarted in April 1994 and is currently
operating athough the last campaign shown in Hanlon (1999) was in 1997. The facility operates under
a vacuum, using evaporative concentrations with subsequent crystallization and precipitation of salt
crystals. If effluent leaked from this facility or associated waste transfer lines has entered the
groundwater, such contamination could be confused with tank farm sources.

2.3 Waste Characteristics

The combination of the PUREX campaigns and the B Plant fractionation processes have produced the
most complicated combination of wastes at the DOE Hanford Site (Agnew 1997). Agnew identified
twenty-one distinct waste types derived from the PUREX campaign between 1956 and 1988. These
wastes take one of three genera forms. dudge, salt cake, or liquid. Different sats precipitated over time
as water evaporated from the waste producing the salt cake found in the tanks today. The sludge consists
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of partia solids such as hydrous metal oxides that precipitated from the neutralized high level acid
wastes. Liquids exist as tank supernates or as interstitial liquid leaving a stratified structure of sdit,
dudge, and liquid within the tanks.

To assure that the groundwater monitoring approach at WMA A-AX provides a complete constituent
list for sample analysis, especialy in the event the site is placed in assessment, it is necessary to study
these waste types and identify key elementsin the wastes. The following discussion provides information
on the chemical and radioactive species derived from the PUREX and B Plant fractionation processes
cataloged for each tank in Appendix A.

The most current tank-by-tank waste inventory can be found in the best-basis inventory developed as
part of the Standard Inventory task and maintained by the River Protection Project (Kupfer et al. 1997).
This inventory includes not only estimates based on models of the chemical processes used for
plutonium- uranium extraction but also the analytical data of waste samples taken directly from specific
tanks. Direct tank sampling and analysis is an ongoing project, and the database is currently being
compiled. Thiswaste characterization information is used in Section 4.0 to determine the main
congtituent list for chemical analyses for groundwater monitoring at WMA A-AX.

Waste chemistry related to the primary processes conducted at PUREX and routed to tanks in the
241-A and 241-AX Tank Farms are discussed. The pertinent processes are listed:

- PUREX primary process

- Organic wash wastes

. PUREX to B Plant **'Csrecovery (B Plant fractionation)

. PUREX to B Plant *°Sr recovery (B Plant fractionation process).

Information on the chemical species in the waste streams sent to tanksin WMA A-AX are taken from
Agnew (1997), Anderson (1990), and analytical results of wastes samples from specific tanksin 241-A
and 241-AX Tank Farms. Although Hanlon (1999) reports the genera chemistry of the last waste
received by the SSTs, it is necessary to consider al the waste types stored in the tanks since residua
vadose zone plumes from past tank associated |eaks can act as sources for groundwater contamination
(Johnson and Chou 1998; Narbutovskih 1998).

The bulk of the waste directed to the 241-A Tank Farm was neutralized PUREX acid waste (P). The
principal constituents in the waste are sodium, nitrate, sulfate, phosphate, aluminum, and iron. The
principal radioactive nuclidesin WMA A-AX tank waste, in order of decreasing concentrations, are
principaly *Sr, **'Cs, **Tc, and ®°Co. Although *****%Pu and its daughter ***Am are detectable, it is
unlikely that either is sufficiently soluble to be found in the groundwater. There appearsto be very little
2] in the tank wastes. lodine tends to be volatile during generation in the reactor and, like tritium,
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migrates to the outer regions of the fuel rod. The **°l would have been removed dong with the tritium in
the cladding wastes, which were disposed to cribs. Alternatively, the **°I may have escaped the liquid
wastes as |, gas, and therefore not represent a significant part of the disposed liquids.

The organic solvent used in PUREX was treated with potassium permanganate and sodium carbonate
followed by dilute nitric acid. The resulting organic wash waste (OWW) was eventualy combined and
sent to the self-boiling tanks until 1969. The main congtituents in OWW were sodium, lead, nitrate,
potassium, and manganese.

The waste streams added |ast to the tanks during the **'Csand *°Sr fractionation processes caused the
total tank waste to be extremely complicated chemically. The Phosphotungstic Acid Process (PTA), one
method used for the recovery of **’Cs, left minor amounts of tungsten and phosphate in the wastes.
Zeolites were used asresinsin another **'Cs recovery process. For the fina *°Sr extraction process,
several water-soluble organics were used as chelating agents to remove divalent metals such asiron from
solution. These organics were ethylenediamine tetra acetic acid (EDTA) and N (2-hydroxyethyl)
ethylenediamine tetra acetate (HEDTA) or citrate. Di (2-ethylhexyl) phosphoric acid (D2EHPA) and
TBP was used as extractants. Approximately 20% of the *°Sr was l&ft in the waste and returned to the
tanks. These organics are the complexents added to the tanks in 1978 and 1979.

Based on analyses of waste samples, other important congtituents are the metals Na, Ca, Al, Ba, K, U,
Fe, S, Pb, Ni, and Mn. Although Agnew (1997) has estimated significant chromium concentrations for
most of the tanks in both 241-A and 241-AX Tank Farms, only samples from tank A-106 confirm these
estimates. Samples of both solids/sludges and liquids indicate that there may not be much chromium in
the tank waste. Also, a source of chromium was not identified in descriptions of separation processes or
wastes streams.  Although two thorium campaigns were conducted at PUREX in 1966 and 1970, the
wastes from these events were sent to 241-C Tank Farm. The site-specific parameters found in
Section 4.4 are based on the chemical species identified in the above discussion.

2.4 Geology

This section describes the geology beneath WMA A-AX. It contains arevision of the geologic
description given in Caggiano and Goodwin (1991). It isimportant that a detailed understanding of the
local subsurface be obtained prior to design or revision of a groundwater monitoring network. Such
information allows optimization of the well locations and well construction. Knowledge of the sub-
surface is also required to evaluate flow properties, interpret the groundwater chemistry and evaluate the
efficiency of the network over time. The results of this geologic and stratigraphic revision were used to
congtruct the conceptual model for WMA A-AX presented in the next section.

The geologic descriptions are based on recent interpretations of the stratigraphy in the 200 East Area,
data from the installation of a new well, and interpretations of gross gamma-ray logs and moisture data
that were not included in Caggiano and Goodwin (1991). Archived soil samples were reevauated to
assist interpretations of areas left ambiguous after inspecting the geology and drillerslogs. Results were
compared to regiond studies to assure coherence within the larger framework of stratigraphic
interpretations.
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The last section contains information pertaining to physical properties of the unconfined aquifer.
Aquifer properties were determined from the stratigraphic interpretations, aquifer tests, and from the
regiona groundwater table provided in the most recent annual groundwater monitoring report (Hartman
et al. 2000).

24.1 General Stratigraphy

The regiona geologic setting of the Pasco Basin and the Hanford Site has been described by Delaney
et d. (1991) and DOE (1988). Tdlman et a. (1979) and more recently Lindsey et a. (1992) described
the geology of the 200 East Area. The geology specific to WMA A-AX was first described by Price and
Fecht (19763, 1976b) and then by Caggiano and Goodwin (1991). Most recently, the WMA A-AX
geology was summarized in Narbutovskih et a. (1996), Jones et al. (1998), and Williams et al. (2000).
This update is based on those previous works amended to include use of gross gamma-ray logs, neutron
moisture data, re-evaluated borehole samples, and laboratory moisture, and particle size distribution data.

In summary, the geology of the 200 East Area consists of the Elephant Mountain Member of the
Saddle Mountains Basalt, Columbia River Basalt Group overlain by the Ringold Formation, and the
Hanford Formation. The Ringold Formation consists of fluvia and lacustrine sediments deposited by the
ancestral Columbia and Clearwater-Salmon river systems between 3.4 and 8.5 Ma. Lindsey (1996)
described the Ringold Formation in terms of three informa members. 1) the member of Wooded Idand,

2) the member of Taylor Flat, and 3) the member of Savage Idand. Of these, only the member of Wooded
Idand is present beneath the 200 East Area.

The member of Wooded Idand consists of five separate units dominated by fluvial gravels. The gravels
are designated (from bottom to top) as Units A, B/D, C, and E and are separated by fine-grained deposits
typical of overbark and lacustrine environments. The lowermost of the fine-grained sequencesis designated
the Lower Mud Unit. Only gravel Units A and E are present benesth the 200 East Area, and the Ringold
Formation is entirely absent benegth the northern part of the 200 East Area (Lindsey 1992).

The Ringold Formation gravels are clast- and matrix-supported, pebble to cobble conglomerates with a
fine to coarse sand matrix (Lindsey 1996). The most common clast lithologies are basalt, quartzite and
intermediate to felsic volcanics. Interbedded lenses of silt and sand are common. Cemented zones within
the conglomerates are discontinuous and of variable thickness. 1n outcrop, the conglomerates are massive,
plane-bedded, or cross-bedded.

The Hanford formation overlies the Ringold Formation and consists of glaciofluvial sediments
deposited by cataclysmic floods from Glacial Lake Missoula, Pluvia Lake Bonneville, and ice-margin
lakes. These sediments resulted from at least four mgjor glacia events and were deposited between about
1 Maand 13 Kaago. The formation consists of pebble to boulder sized gravel, fine- to coarse-grained sand,
and dlt- to clayey-silt. These deposits are divided into three facies. 1) gravel-dominated facies, 2) sand-
dominated facies, and 3) dlt-dominated facies. These same facies are referred to as coarse-grained deposits,
plane-laminated sand facies, and rhythmite facies, respectively in Bjornstad et a. (1987). The Hanford
formation is present throughout the Hanford Site and is up to 213 ft (65 m) thick (Delaney et a. 1991).
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1. Gravel-Dominated Facies. Thisfacies generally consists of pebble to boulder gravel, coarse-grained
basaltic sand, and coarse-grained, etc. These deposits display an open framework texture, massive
bedding, plane to low-angle bedding, and large-scae planar cross bedding of the cobblesin outcrop.
Sand and silt beds are interbedded throughout the facies. Gravel clasts are dominantly basalt with lesser
amounts of Ringold Formation clasts such as granite, quartzite, and gneiss (Lindsey 1992). The gravel
dominated facies was deposited by high-energy floodwatersin or immediately adjacent to the main
cataclysmic flood channels.

2. Sand-Dominated Facies. This facies consists of fine- to coarse-grained sand and pebble gravel. The
sands typically have a high basalt content and are commonly referred to as black, gray, or sat-and-
pepper sands (Lindsey 1992). They may contain small pebbles and rip-up clasts, pebble-grave
interbeds, and silty interbeds less than 3 ft (1 m) thick. The silt content of the sands is variable, but
whereit islow, a well-sorted and open framework texture is common. This facies commonly
displays plane lamination and bedding. It less commonly has channelfill sequences (Lindsey 1992).
The sand dominated facies was deposited adjacent to main flood channels during the waning stages of
flooding. Thefaciesis transitional between the gravel-dominated facies and the silt-dominated facies.

3. Silt-Dominated Facies. Thisfacies conssts of thin bedded, plane-laminated and ripple cross|laminated
st and fine- to coarse-grained sand. Beds are typically afew inchesto severa tens of inches thick and
commonly display normally graded-bedding (Lindsey 1992). Loca clay-rich beds occur in the Silt-
dominated facies (Myers and Price 1979; Bjornstad et d. 1987; DOE 1988). Sediments of thisfacies
were deposited under dack water conditions and in back-flooded areas (DOE 1988).

M ethodology

The interpretations of subsurface geology in this chapter are based, in part, on the work of previous
studies (see above) and, in part, on reexamination and reeva uation of geologic and gross gammaray log
data obtained during installation of boreholes at WMA A-AX. Figure 2.4 shows the locations of
boreholes in the vicinity of WMA A-AX that were used in thisstudy. The quality of data obtained from
the boreholes varies and is a function of when the boreholes were drilled, drilling methods, and purposes
of the boreholes. Table 2.4 summarizes pertinent information about the boreholes used for this study.

The boreholes were chosen for one of three reasons. 1) they are recently constructed RCRA wells
and therefore have more complete and accurate subsurface information then many older wells, 2) they
have relatively detailed driller’s logs and associated information such as gammaray logs, and 3) they
have information of alesser quality but are in critical locations. Most, but not al, of the boreholes used
by Caggiano and Goodwin (1991) are include in Table 2.4.

Geologic interpretations were made by comparing the well-site geologist’ s logs to selected, archived
samples at the Hanford Geotechnical Sample Library. The geological interpretations were then modified
and refined if necessary based on the archived samples. This was particularly important where only incom-
plete driller’ slogs existed. Gross gammaray logs and laboratory moisture data were then compared with
the lithologic logs. In some cases, the use of gross gamma-ray logs alowed refinement of the data by
permitting more accurate placement of geologic contacts.
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Figure 2.4 Map Showing the Locations of Wells and Cross Sections
24.2 Site-Specific Stratigraphy

The vadose zone beneath WMA A-AX is between 266 ft (81 m) and 295 ft (90 m) thick (Hartman
1999) and lies mostly within the Hanford formation. The water table elevation is about 400 ft (122 m)
and currently liesin conglomerates most likely belonging to the Ringold Formation. The unconfined
aquifer beneath WMA A-AX is estimated to be about 89 ft (27 m) thick.

Plates 1 through 3 show cross-sections adjacent to and through WMA A-AX. Cross-section locations
are shown in Figure 2.4. Cross-section A-A’ illustrates the geology east of the WMA. Cross-
section B-B’ illustrates the geology through the WMA in a north-south direction. Cross-section C-C’
shows geologic relationships across the WMA in an east-west direction.

Six lithologic units are recognized in the WMA A-AX area.

- Surficial deposits and backfill

- Hanford formation - upper gravel sequence
- Hanford formation - sand sequence

- Hanford formation - lower gravel sequence
- Ringold Formation - Unit A

- Columbia River Basalt Group.
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Table2.4. Sources of Data for Geologic Descriptions

Elevation Drill
(metersabove | Drill Depth Sour ces of Infor mation
Borehole sea level)® Date | (m bgs)®" Sample Method Used in This Report
299-E24-13 210.5 1969 103.6 Hard tool As-built diagram
Driller’slog
Re-log of selected
existing samples
299-E-24-19 210.6 1989 924 Drivebarrel (0 to 87 m), Well completion report
Hard tool (87 to 93 m) Geologist’slog
Gross gamma-ray log®©
Lab moisture data
299-E24-20 209 1991 92.6 Drive barrel (0to 98 m) Well construction report
Hard tool (89 to 92.6 m) Geologist’slog
Gross gamma-ray log®©
Lab moisture data
299-E25-02 205.3 1954 114.3 Hard tool Asbuilt diagram
Driller’slog
Re-log of selected
existing samples
Gross gamma-ray log®
299-E25-13 207.9 1963 96.6 Drive barrel (0to 22.8 m; As-built diagram
24.41079.2 m) Driller’slog
Hard tool (22.8 to 24.4 m; Re-log of selected
79.21096.6 m) existing samples
299-E25-15 210.1 1969 103.6 Hard tool (0to 28.9 m; As-built diagram
38.71t0 103.6 m) Driller’slog
Drive barrel (28.9 to
38.7m
299-E25-40 202 1989 835 Drive barrel Well completion report
Geologist’slog
Re-log of some existing
samples
Gross gamma-ray log®©
Lab moisture data
299-E25-41 203.6 1989 85 Drive barrel (0to 68.6 m) Well completion report
Hard tool (68.6 to 85 m) Geologist’slog
Re-log of some existing
samples
Gross gamma-ray log®©
Lab moisture data
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Table2.4. (contd)
Elevation Drill
(metersabove | Drill Depth Sour ces of Infor mation
Borehole sea level)® Date | (m bgs)®" Sample Method Used in This Report
299-E25-42 207 1991 | 89.8 Drive barrel (0to 82.3 m) As-built diagram
Hard tool (82.3 to 89.8 m) Geologist’slog
Gross gamma-ray log®©
Lab moisture data
299-E25-46 210.8 1992 | 94.6 Drive barrel Well construction report
Survey datareport
Geologist’slog
Gross gamma-ray log®©
Lab moisture data
299-E26-06 196.5 (relative 1960 | 88.4 (below | Hardtool As-built diagram
to top of top of Driller’slog
casing) casing) Re-log of some existing
samples
299-E27-02 203.1 1948 | 95.1 Hard tool As-built diagram
Driller’slog

(@) Relativeto brass cap unless otherwise noted.

(b) Bgs= below ground surface.
(c) Log obtained during well construction.

(d) Log obtained after installation of an annular grout seal.

The Elephant Mountain Member of the Saddle Mountains Basalt, Columbia River Basalt Group is
the basement rock beneath the WMA. The Elephant Mountain Member is medium to fine-grained
tholeiitic basalt with abundant microphenocrysts of plagioclase (DOE 1988). The Elephant Mountain
Member has been dated by the K/Ar method at 10.5 Ma (McKee eta. 1977) and consists of two flows
beneath the 200 East Area. Inthe WMA A-AX areathe Elephant Mountain Member was penetrated only
in one borehole (well 299-E25-2) where it is 375 ft (94.5 m) below ground surface (bgs).

Overlying the Columbia River Basdlt are the Ringold Formation Unit A gravels. These gravels are
equivalent to the Ringold Unit A of Lindsey (1992) and Jones et al. (1998), to the middle Ringold of Price
and Fecht (1976a, 1976b), and to Pliocene-Miocene continental conglomerates of Reidel and Fecht
(1994). Caggiano and Goodwin (1991) state that Tallman et a. (1979) place the boundary of the middle
Ringold and the Hanford formation within this sequence. But it is not clear whether this sequenceis part
of the middle Ringold. Although this report interprets the sequence of sediment overlying the basalt as
Ringold Unit A gravels, it is possible that the gravels have been reworked either by the Columbia River
during pre-Pleistocene time or by Pleistocene cataclysmic floods. Evidence for reworked Ringold gravels
isfound in the east and southeast portions of the 200 East Area. The Ringold Formation has been
completely removed from the northern portion of the 200 East Area by subsequent Pleistocene flooding.
Whether this gravel sequence is Ringold or Hanford sediment has important implications for the
permeability and flow rate of groundwater in the unconfined aguifer. Overal, Hanford formation gravels
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are significantly (10 to 100 times) more permeable than gravel sequences in the Ringold Formation. The
differences are attributed mainly to the higher degree of matrix cementation and induration common in
the Ringold sediments (Wurstner et al. 1995).

The Ringold Formation Unit A is described on borehole logs of cuttings and samples as gravel, sandy
gravel, and dightly sandy gravel to muddy sandy gravel. The gravels are generally poorly sorted, sub-
angular to rounded, poorly sorted, and consist of pebbles and cobbles in a sand and silt matrix. They
range in composition from about 80% basdltic to as little as 20% basdtic. The Ringold Formation Unit A
is generally non-calcareous in the area but does contain minor cementation in afew boreholes. Cementa-
tion occurs as 1 to 3 mm size aggregates of sand grains. The bottom of the Ringold Unit A was pene-
trated only in well 299-E25-2 where it is 109 ft (33 m) thick.

Based on observations of outcrop and intact core, the Ringold Formation Unit A fluvial gravels
consist of clast- and matrix-supported, pebble to cobble conglomerate with afine to coarse sand matrix
and interbedded fine to coarse sand and silt lenses (Lindsey 1996). Cementing ranges from absent to well
developed. Cemented Ringold Formation conglomerates are discontinuous zones of variable thickness.
The conglomerates exhibit massive, planer, and cross-bedding. Clast imbrication is aso common
(Lindsey 1996).

Intercalated in the Ringold Unit A conglomerates are laterally discontinuous, fine- to coarse-grained,
cross-bedded sands. Also interbedded in the conglomerates are thin, variably colored silty deposits,
typically with disrupted bedding (Lindsey 1996). The Ringold Formation Unit A is interpreted to repre-
sent fluvial gravels and sands that were rapidly deposited from bed-load in shallow channels across a
gravelly floodplain.

A fine-grained sequence overlies the Ringold Formation Unit A gravelsin al but one borehole in the
WMA A-AX area and, athough the sequence isthin, it is one of the most prominent units in the area.
The fine-grained sequence is described on borehole logs of cuttings and samples from the WMA A-AX
area as gt to sandy st with lesser amounts of dightly gravelly sandy silt. Some gross gamma-ray logs
show adistinct increase in activity in the upper portion of the sequence. Available moisture data
(Plates 1, 2, and 3) show the Ringold fine-grained sequence has higher moisture content than the adjacent
sediments. No perched water was noted on top of the sequence (Caggiano and Goodwin 1991), but the
water table was higher in the past. Thus, the current high moisture content may be aremnant of a higher
water table. The fine-grained sequence ranges from about 4 to 15 ft (1.2 to 4.6 m) in thickness beneath
WMA A-AX (Table 2.5). It isthickest northwest of the 241-AX Tank Farm and thins to the southeast
whereit is absent at borehole 299-E25-42. 1t is present further south at borehole 299-E25-48 at the
241-AP Tank Farm. Further northwest, it is absent in most boreholes at 241-C Tank Farm.

The fine-grained sequence has been considered to be the Ringold Formation Lower Mud Unit by
some past workers (Lindsey et a. 1992; Lindsey and Reynolds 1998). This report considers the fine-
grained unit to be one of the interbedded fluvial and overbank sands and silts found locally in the middie
part of the Ringold Unit A (Lindsey 1992). This interpretation is consistent with the remova of the
Ringold Formation Unit E and Lower Mud Unit by Pleistocene floods. The Ringold Unit E and Lower
Mud Unit are absent throughout the northern part and much of the central part of the 200 East Area
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Table2.5. DataUsed to Construct Cross Sections and Structure Contour Maps

Elevation
Thickness of Top Thickness Thickness
of the Elevation of the of the of the
Hanford of Top Thickness Hanford Hanford Ringold
Formation of the of Hanford | Formation | Formation | Elevation of Thickness | Formation | Elevation
Upper Hanford Formation L ower L ower the Top of of the Fine of the
Surface Total Gravel Sand Sand Gravel Gravel theRingold Ringold Grained Top of
Elevation | Depth | Sequence | Sequence | Sequence | Sequence | Sequence Formation | Formation | Sequence Basalt
Borehole (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
299-E24-13 690.8 340 120 571 150 NP 421 TD 17
299-E24-19 690.84 303 125 566 152 NP 414 TD 8
299-E24-20 685.85 304 100 586 175 NP 411 TD 5
299-E25-2 673.5 375 122 552 83 469 50 419 109 13 310
299-E25-13 682.12 317 75 607 180 NP 427 TD 20
299-E25-15 689.3 340 414 TD 5
299-E25-40 663 274 100 563 95 468 60 408 TD 2
299-E25-41 668 279 100 568 93 475 60 415 TD 14
299-E25-42 679 295 80 599 140 459 TD
299-E25-46 691.79 310 70 622 203 NP 419 TD 5
299-E26-6 645 290 NP 645 180 465 63 402 TD 4
299-E27-2 666.3 312 20 646 255 NP 411 TD 15

TD = The wells ends within the sequence.




Alternatively, the fine-grained sequence may represent post-Ringold and pre-Hanford formation fluvial

sediments from the Columbia River system or may be part of the transitional sand and silt dominated
facies of the Hanford formation.

A structure contour map on the top of the Ringold Formation is shown in Figure 2.5. The figure

shows a gentle dome with about 25 ft (7.6-m) of relief centered between 214-A and 241-AX Tank Farms.
Data used to congtruct this and the following structure contour maps are provided in Table 2.5.

The Hanford formation lower gravel sequence overlies the Ringold Formation Unit A. This sequence
is equivalent to the lower gravel sequence of the Hanford formation of Lindsey et a. (1992), to the

Hanford formation H3 sequence of Lindsey et a. (1994), and to the outburst flood deposits (Qfg) of
Reidel and Fecht (1994).

e S0 100 meters

e
(¥ 100 200 | it

— O — Contour interval is 5t

G0N

Figure 2.5. Structure Contour Map of the Top of the Ringold Formation (shaded outline denotes
A-AX Tank Farm boundaries)
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The Hanford formation lower gravel sequence is described on borehole logs of cuttings and samples
from the WMA A-AX area as agravelly sand with some gravel and sandy gravel. The gravels are poorly
sorted, subrounded to subangular and have basalt contents up to about 80%. Individual beds are from
about 5 to 45 ft (1.5 to 14 m) thick and appear to form gradationa contacts with overlying and underlying
beds. Silt beds and calcareous zones are not as common in the lower gravel sequence asthey arein the
overlying sediments.

Based on observations of outcrop and intact core, the lower gravel sequenceis interpreted to be the
high-energy, gravel-dominated facies of the Hanford formation. Thisfaciesistypically open framework
or matrix supported framework, pebble to boulder gravel with massive bedding, planeto low-angle
bedding, and cross-bedding. Lenticular and discontinuous units of sand-dominated facies are interbedded
with gravel-dominated facies. The Hanford formation gravel sequence was deposited by high-energy,
cataclysmic, Pleistocene floods.

The Hanford lower gravel sequence is present only in boreholes 299-E25-2, -40, -41, and -42 in the
extreme eastern part of the area. Thetop is chosen as the bottom of the lowermost sand or dightly
gravelly sand that is at least 70 ft (21 m) thick. In some boreholes, the top of the gravel sequence coin-
cides with a subtle decrease in activity on the gross gamma-ray logs at the contact with the overlying
Hanford sand sequence.

The Hanford formation sand sequence overlies the lower gravel sequence. This sequence is equiva-
lent to the sandy sequence of the Hanford formation of Lindsey (1992), to the Hanford formation H2
sequence of Lindsey et a. (1994), and to the outburst flood deposits of silts and sand described by Reiddl
and Fecht (1994). The Hanford formation sand sequence is described on borehole logs of cuttings from
theWMA A-AX area as sty sand, sand, and dightly gravelly sand. Individual beds 30 ft (3 9 m) thick
are common and grade into overlying and underlying beds within the sand sequence. The sandy beds are
commonly referred to as “salt and pepper” sands and range from 30% basaltic and 70% felsic to 70%
basdltic and 30% felsic in composition. Calcium carbonate occurs in the Hanford sand sequence as
poorly developed cemented zones and nodules. The amount of calcium carbonate is small and usually
lessthan 1 wt. %.

Silt lenses and thinly interbedded zones of silt and sand, which are calcareous in places, are common
but are not abundant in the Hanford sand sequence. These finer grained zones cannot be correl ated
among boreholes and, with some exceptions, are not reflected in the gross gamma ray logs or moisture
data. Thisis probably because moisture samples are normally collected every 5 ft (1.5 m) during drilling,
and this interva is too large to sample most thin zones. The fine structure observed in some older gross
gamma-ray logs may reflect changes in the silt content that were not detected during drilling.

The Hanford formation sand sequence consists of sand-dominated facies intercalated with beds of the
slt-dominated and gravel-dominated facies. The Hanford sand sequence is present in all boreholes at the
WMA A-AX. Except in borehole 299-E24-20, the top of the Hanford sand sequence is picked at the
bottom of the lowest sandy gravel or gravelly sand that overlies a minimum of 20 to 25 ft (6 to 8 m) of
sand or dightly gravelly sand (see cross-sections in Plates 1 through 3). 1n borehole 299-E24-20, the top
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of the sand sequence was chosen at a small but distinct change in the gross gamma-ray log that correlated
with a similar change in the gross gamma-ray log at the top of the sand sequence in adjacent borehole
299-E24-109.

A structure contour map of the top of the Hanford sand sequence is shown in Figure 2.6. The map
shows about 50 ft (15 m) of relief on the surface of the sand sequence beneath WMA A-AX. The
Hanford formation sand sequence thickens from about 90 ft (27 m) in the east to greater than 200 ft
(61 m) inthe west at WMA A-AX.

The Hanford formation upper gravel sequence overlies the Hanford sand sequence. This sequence is
equivaent to the upper gravel sequence of the Hanford formation of Lindsey (1992), to the Hanford for-
mation H1 sequence of Lindsey et d. (1994), and to the outburst flood deposits-gravels (Qfg) of Reidd
and Fecht (1994). The upper gravel sequence is described on borehole logs of cuttings and samples from
the WMA A-AX area as predominantly interbedded sands, gravelly sands, and sandy gravels. Individual
beds are up to about 50 ft (15 m) thick. Thin silt lenses up to 4 in. (10 cm) thick are common but not
abundant. The silt lenses can not be correlated among boreholes due to the coarse 5-foot sampling

— GO0 = Comolr interval ks 200

Figure 2.6. Structure Contour Map of the Top of the Hanford Formation Sand Sequence (shaded outline
denotes A-AX Tank Farm boundaries)
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interval and the lack of high quality resitivity logs. Also, the silt lenses are not reflected in the available
moisture data, which were obtained from grab samples every 5 ft (1.5 m). Calcareous zones occur in the
upper gravel sequence and are recognized by reaction with hydrochloric acid and not by discrete
calcareous particles or cement. Like the silt lenses, the calcareous zones cannot be correlated between
boreholes.

Based on observations of outcrop and intact core samples, the Hanford formation upper gravel
sequence is interpreted as high-energy, gravel-dominated facies interbedded with lenticular and
discontinuous sand-dominated facies. Plates 1 through 3 show that the maximum thickness of the
Hanford upper gravel sequence beneath WMA A-AX is about 127 ft (39 m) in borehole 299-E24-19. The
sequence appears to thin to the north where it is only 20 ft (6 m) thick in borehole 299-E27-2 and is
absent in borehole 299-E26-6 where it was either never deposited, was subsequently eroded, or the
depositional environment changed such that the equivalent sediment is finer grained.

Within the single-shell tank farms, the upper 55-ft (17-m) of materia is backfill consisting predomi-
nantly of pebbles and very coarse to coarse sand of the Hanford formation upper gravel sequence that was
excavated in preparation for tank construction. The excavated material was subsequently used as backfill
around the tanks. Outside the tank farms in undisturbed areas, the upper gravel sequence isoverlain by a
variable thickness from 0 to ~15 ft (~5 m) of Holocene eolian sediment.

24.3 Aquifer Properties

This section provides information on the current nature of the unconfined uppermost aquifer in the
immediate region of WMA A-AX. Aquifer properties were determined from the stratigraphic interpre-
tations, current water elevations, previous aquifer tests, and from the regional groundwater table provided
in Hartman (1999).

The water table liesin basal gravels currently interpreted as Ringold Formation Unit A. Asexplained
in Section 2.4.2, there is some ambiguity as to the location of the Hanford/Ringold contact in this area
with respect to the water table. The aquifer thickness, based on data from well 299-E25-2 (see
Figure 2.4), which extends to basdlt, is approximately 89 ft (27.1 m). The lithology within the aquifer is
dominantly a sandy gravel ranging from cobble to boulder-sized clasts. There is no evidence of
cementing, and consequently, permeability should be high and relatively homogeneous within the aquifer.

The groundwater project recently switched the datum to which water levels are referenced (Hartman
1999). In the past, water levels were referenced to the NGV D29 datum. The NGV D29 datum was
chosen originally because the bulk of the wells used on site could be referenced not only to this datum but
to a specific survey caled NGVD29-2. For areas the size of aWMA, thereis no effect from switching to
the NAVD88 datum. However with the datum change, there was also a switch in surveys. Many wells
are now referenced to one of two surveys, with eevations referenced to NAV D88, both more recent
surveys than NGV D29-2.

The water table is extremely flat across the 200 East Area, and in areas with flat water tables the
choice of surveys may actually affect the relative position of the water elevation in awell with respect to
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other network wells. Since water elevations are the only data set used at the DOE Hanford Site to
determine flow direction, a switch in the relative water elevations of wells used to determine direction
could affect the interpretation of the flow direction.

For example, Figure 2.7 shows the hydrographs for four RCRA network wells and one older well
299-E25-2, that are currently used to monitor the water table at WMA A-AX referenced to NGV D29-2.
Spurious data were removed. Figure 2.8a shows the same ‘ depth to water’ data as Figure 2.7 but refer-
enced to NAV D88 except for well 299-E24-20. For thiswell, the NAV D88 reference elevation was
calculated from the original NGV D29-2 elevation.

Except for well 299-E25-46, the wells appear to be almost unaffected by switching surveys, demon-
strating repeatability of the elevation values. The reference el evations from these wells, therefore, are
probably reliable. Although the absolute difference is small, the relative position of the water table in
well 299-E25-46 switches from being high in Figure 2.7 to being lower with respect to the other wellsin
Figure 2.8a. This difference is enough to demonstrate some degree of nonrepeatability. Because of this
ambiguity in relative position, water elevations from this well were not used to determine flow direction.
The hydrograph in Figure 2.7 is using a survey conducted in the early 1990s, whereas the hydrograph in
Figure 2.8 uses a survey from the late 1990s.

A hydrograph of the remaining four wells gives a consistent picture of relative water elevations
between the four wells over time (Figure 2.8b). The flow direction appears to be almost due east to just
north of east. Based on this hydrograph, well 299-E24-20 is the upgradient well, while well 299-E25-40
is the downgradient well. The water levelsin wells 299-E25-2 and 299-E25-41 are nearly at the same
elevation. This scenario resultsin agenerally eastward flow direction across the site.

Another well, 299 E24-19, was diminated from the analysis because results from thiswell form a
dlight trough between E24-20 and E25-46. The water elevationsin thiswell are low regardless of which
survey is used, which has confused interpretation of the flow direction in the past. Based on recent
findings with vertical borehole deviations, this well may be dightly out of plumb, explaining the
abnorma trough. Consequently this well was eliminated from the network for flow direction deter-
minations until gyroscope corrections are available.

Unfortunately, the original groundwater monitoring network, which is still in use today, was designed
for a narrowly focused southwest flow direction. The consequences of having an east flow direction on
the RCRA network compliance is discussed more fully in Section 4.3. However, as can be seen from
Figure 1.2, the current monitoring wells are not placed to provide adequate upgradient/downgradient
coverage for this WMA for an easterly flow direction. Well 299-E25-40 is too far north to provide much
coverage, which leaves well 299-E25-41 as the only functional downgradient well.

The rate of groundwater flow is calculated for a homogeneous, isotropic aquifer using the Darcy
equation (Hartman 1999) incorporating an effective hydraulic conductivity, the gradient across the site
and the porogity of the sedimentsin the aquifer. Currently, there is adiscrepancy in reported hydraulic
conductivity values for the area. Vaues are estimated between 24 and 110 ft (7.3 and 33.5 m) per day
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based on dug injection/withdrawal tests. Higher values of 6,500 ft (1,981 m) per day are reported based
on pumping tests for the area (Newcomer et a. 1990; Connelly et d. 1992). Inthe FY 1992
hydrogeologic model for the 200 East Area, vaues of 6,200 to 6,500 ft (1,889.8 to 1,982 m) per day are
reported at WMA A-AX (Connelly et a. 1992). Trent (1992) reports conductivities that range from
8,264 ft (2,518.9 m) per day to 6,500 ft (1,982 m) per day for wells in the immediate area of WMA A-
AX. Finaly, Hartman (1999) reported hydraulic conductivities that range from 33,000 ft (10,000 m) per
day to 9,843 ft (3,000 m) per day for Hanford sediments. The low results from dugs tests are likely
inherent in the method. The test has a limited areal extent (i.e., interrogates alow volume), applies a
limited stress to the aguifer and is valid over alimited range of conductivities (Thorne and Newcomer
1992).

Porosity is generally estimated to be about 30% for unconsolidated, coarse grained sediments at the
DOE Hanford Site (Hartman 1999). Because it has not been possible to collect intact core from the
aquifer during past drilling, direct methods of determining porosity have not been used. The lack of
direct measurements combined with the cobble to boulder grain size of the aquifer, 30% may be an
underestimated.

Using NAVD88-1, water elevations across WMA A-AX vary from 402.9 to 403.1 ft (122.80 to
122.86 m) or 2.4 in. (6.1 cm). The local gradient between well 299-E25-41 and 299-E24-20 is 0.000078
based on March 1999 water levels. Based on hydraulic conductivity values from pumping tests, the effec-
tive flow rate at WMA A-AX is estimated to be between 2.2 and 2.6 ft (0.67 to 0.79 m) per day. This
equates to 803 to 949 ft (245 to 289 m) of groundwater movement per year. However, the Hanford
formation is known to contain coarse gravel channels and other sedimentary features that may produce
preferential groundwater flow paths. Consequently, a flow velocity of 2.6 ft (0.79 m) per day may be low
if such preferred flow zones are identified.

Currently for RCRA network wells, screened intervals within the aquifer range from 7.2 to 14.8 ft
(2.2t0 4.5 m) thick. The rate of water table decline has increased from ~1.0 ft (~30 cm) per year during
the period of mid-1996 through 1997, to ~1.7 ft (~51 cm) per year from mid-1998 to March 1999. If this
current rate continues, three of the RCRA compliant wellsat WMA A-AX with less than 10 ft (3 m) of
water may become unusable in less than six years.

At present, the flow direction and rate at WMA A-AX is poorly understood. This may be due, in part,
to the artificia recharge of the aquifer, which occurred during the last 50 years when waste effluent was
discharged to the subsurface. Since 1995 when most liquid discharges to the ground ceased, the water
table has dropped to near pre-Hanford levels. The origina local flow direction was likely in the direction
of the Columbia River, easterly to southeasterly. The combination of an exceptionaly flat water table,
decreasing water levels and changing local flow directions complicates groundwater monitoring at
WMA A-AX.

25 Groundwater Chemistry

This section provides historic information on the results of RCRA groundwater monitoring at WMA
A-AX. Routineinterim detection groundwater sampling began at WMA A-AX in FY 1992. There have

2.29



been no exceedences of indicator parameters at this site during this time. Conductivity values generaly
range from 220 to 300 nmhos/cm, reflecting changes in sulfate, nitrate and chloride concentrations.
Cacium and sodium are the principal baancing cations. The criticad mean for conductivity is

534.9 mnmhos/cm. During FY 1998, problems with faulty probes and calibration standards produced
aberrant field conductivity results. Although these problems have been remedied, some of the conduc-
tivity data collected in FY 1998 and FY 1999 is questionable. Consequently, sulfate and nitrate were
monitored closely.

The DWS of 1 pCi/L is exceeded for **°I in al monitoring wells a8 WMA A-AX. ThisWMA lies
within alarge regional **°I plume that extends to the southeast. The source is apparently associated with
the PUREX cribs (Hartman 1999), and is probably unrelated to WMA A-AX since the estimated
inventory for *°l is relatively low.

Trends plots for nitrate, sulfate and **Tc, comparing contaminant levels between the five RCRA
groundwater monitoring wells, are shown in Figure 2.9. Unlike WMA B-BX-BY, wherethe anion
chemidtry is dominated by nitrate, conductivity changes at WMA A-AX are attributed to changesin
sulfate concentration. For most of the wells, sulfate values range from 23,000 to 30,000 ng/L, which is
close to the Hanford Site background values reported in Johnson (1993) (about 14,000 to 60,000 ng/L).
Nitrate values range from about 4,000 to 8,000 ng/L, which falls within the ranges of background values
of 3,200 to 12,000 ngL for the Hanford Site (Johnson 1993). The DWSs for nitrate and sulfate are
45,000 ng/L and 250,000 ngy/L respectively.

Sulfate concentrations above background values are found in two wells, 299-E25-40 and 299-E25-41,
where values reach about 70,000 ng/L. Higtorically, these wells were listed as upgradient for WMA A-AX
indicating that the sulfate plume would be moving in from the northeast. But as shown in Section 2.4, the
current groundwater flow direction may be toward the east. These two wells are then downgradient of the
WMA, not upgradient. Regardless of the flow direction, sulfate concentrations in these wells are well
bel ow the DWS of 250,000 no/L.

Nitrate concentration in well 299-E24-20 is about 37,628 ng/L, which is above the maximum back-
ground value of 12,000 ng/L (Figure 2.10). Thiswell islocated south of the 244-AR Vault upgradient of
the 241-A Tank Farm. Nitrate values rose from 6100 ng/L in February 1996 to 37,628 ng/L in February
1998. Although thereis no elevated *°Tc associated with thisincrease in nitrate, there is a distinct corre-
lation with tritium. Tritium values rose from 4,180 pCi/L in February 1996 to about 7,200 pCi/L in
February 1998. Tritium values at the WMA range from 2,800 to 4,000 pCi/L. The DWS for tritium and
nitrate are 20,000 pCi/L and 45,000 ngy/L, respectively. ThisWMA islocated regionaly in an areawith
little to no anion or tritium contamination, although tritium was reported at 6,800 pCi/L to the west at the
216-A-9 crib.

The most prevalent groundwater contamination issue at WMA A-AX is elevated chromium, nickel,
and manganese observed in well 299-E24-19 (Figure 2.11). Chromium has sporadically beenin
exceedence of the 100 ny/L DWS since FY 1991. Vauesrange from 140 ng/L in early FY 1994 to
2,820 ng/L in October 1998. The concentration dropped to 707 ng/L in December 1998. Nickel and

2.30



Concentration (uail)

Concentration (pgiL)

Activity {pCifL)
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manganese are also in exceedence of the 100 ng/L and 50 ng/L DWSs, respectively. In October 1998,
the maximum concentrations of 883 ng/L for nickel and 141 ny/L for manganese were observed.
Historically, iron only dightly correlates with chromium except for the recent October 1998 maximum.

Nitrate concentrations in well 299-E24-19 also increased in October 1998 from 3,320 ny/L to
7,171 ny/L. Thisisthefirst occurrence of any nonmetal constituents correlating with changes in chrom-
iumin thiswell. Because there are no other correlations with other constituents at this well except the
metals, nickel, and manganese, and no other local occurrences of chromium have been documented in
other wells, the elevated metals are, most likely, due to corrosion of the screen. However, acamera
survey is planned to ascertain the condition of the screen. Also, if the screen and/or casing is the source
of the metals, the first water from the well should have a greater concentration of metals, and concen
tration should decrease as the well is pumped. Further sampling is required to address the significance of
the dightly elevated nitrate.

The only other contaminant issue of concern at WMA A-AX isthe devated *°Tc observed in
well 299-E25-46 during FY 1997 (Figure 2.9). Technetium-99 concentrations rose from 111 pCi/L in
August 1996 to 374 pCi/L in August 1997. Vauesfell to 112 pCi/L by December 1997. The December
1998 value is 36 pCi/L (Figure 2.12). These concentrations are below the DWS of 900 pCi/L. The gross
beta vaue for the same dates shows a corresponding increase.

It appears that **Tc has been increasing in well 299-E25-46 since 1994. Thisincreasein *Tc
concentrations correlates with arise in nitrate values during the same time period. The correlation was
not noticed until late 1997 because of the different sampling frequencies for **Tc, (semi-annual) and
nitrate, (annual). Also, with the coarse tempora sampling, the timing of the true maximum concentra-
tions of either constituent is not defined. Corresponding increases observed for sulfate (Figure 2.9) over
the same time interval, provide further corroboration that the **Tc pesk is a true departure accompanied
by co-contaminants.

Based on the FY 1997 events observed at WMA B-BX-BY, where **Tc concentrations rose from
vaues in the 100's of pCi/L to 12,000 pCi/L in less than 4 months, it was decided to temporarily increase
the monitoring frequency at WMA A-AX (Narbutovskih 1998). However, it appears that contaminant
levels have returned to stable concentrations, and the site was placed back on semi-annually monitoring in
early FY 1999.

The background information provided in this section is used to identify monitoring goals specific to
WMA A-AX. An understanding of the operational history of the tank farms and surrounding facilities
along with the subsurface geology and historic groundwater chemistry is used to construct the conceptual
model for this WMA, presented in the next section.
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3.0 Conceptual Model

The purpose of the conceptual model is to explore the complexity and spatial/temporal relationships
of three important parameters. the contamination source, the driving force, and the migration pathway.
Determinations of contaminant sources are facilitated by use of a conceptual model that integrates these
three parameters. Such a qualitative model can aso be used to guide monitoring network design. The
mode presented here includes the general waste chemistry, the tank farm settings, and the hydrogeology
of the unconfined aquifer. In addition, the residua contaminant plumes aong with the vadose zone
migration pathway are quditatively depicted. Pertinent aspects are discussed below.

3.1 Contaminant Sources

A graphica summary of the physical characteristics and mechanisms that could potentialy affect the
generation and trangport of contamination at Waste Management Area (WMA) A-AX to the groundwater
is presented in Figure 3.1. Various possible contamination sources are shown. The red represents liquid
waste at the time of an initial leak occurring from atank, a waste transfer line, or a surface spill. The
color shading, from red to orange to yellow, depicts contaminant migration since the initia leak to the
present plume location in the vadose zone. The color change may represent either a chemical reaction of
the waste with minera phases in the soil or adsorption of relatively immobile waste constituents on to the
s0il grains leaving the maobile congtituents dissolved in the pore water. Also shown is the interaction of
fresh water migrating from the surface, moving the residual waste in the vadose zone plumes to the
groundwater. Thisis shown as blue water interacting with residua yellow waste in the pore water to
form migrating green waste. In this case, the residual vadose zone plumes act as distinct and different
sources of contamination than the waste materia in the tanks.

In the following text, the sources of contamination in and around WMA A-AX and the surrounding
facilities are discussed as they relate to this genera conceptual model. The schematic depicts possible
contamination sources in the vicinity of WMA A-AX. Viable migration pathways are shown that hazard-
ous wastes could take from a source to a monitoring well. Driving forces are dso illustrated as the most
likely mechanism for carrying tank associated waste constituents through the vadose zone to the
groundwater.

Most tanksin WMA A-AX have no appreciable liquid left, and consequently there is little risk that
new leaks could occur from these tanks. To reduce the risk of additiona 1eaks from the tanks, an interim
stabilization program is ingtituted at the single-shell tank (SST) farms. The objective is to remove as
much liquid from the tanks as possible. As of February 1999, al tanksin WMA A-AX, except tanks 241-
A-101 and 241-AX-101, are listed as interim stabilized. Interim stabilized means a tank contains less
than 50,000 gals (189,271 L) of drainable interstitial liquid and less than 5000 gals (18,927 L) of tank
supernate (Hanlon 1999).

There are two tanks, however, that do contain significant volumes of liquids, 241-A-101 and
241-AX-101. Theformer has 721,000 gals (2,729,282 L) of drainable liquid while the latter contains
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558,000 gals (2,112,260 L) (Hanlon 1999). Although each of these tanks contains at least twice as much
liquid waste as any other SST on site, both are considered sound tanks. These tanks will be scheduled for
liquid removal by either saltwell pumping or duicing retrieval efforts. Consegquently, unless either 241-
A-101 or 241-AX-101 tank leaks, tank waste contamination in the groundwater should be related to either
remobilization of residual vadose zone plumes or leaks associated with liquid waste transfers.

Tank Leaks

Some leaks at WMA A-AX appear to be related to tank construction. Apparently, these tanks |eaked
from failed welding joints at the hedl of the tanks. Unlike the earlier 100-series tanks, which have
rounded steel reinforcing “knuckles’ connecting the tank wall to a dished base, the tanks at WMA A-AX
have flat bottoms forming right angles at the welded heel joint. The concentration of stresses at the heel
when the tanks were loaded and heated caused failure of the joints. Plutonium-Uranium Extraction
(PUREX) waste was discharged to the tanks as alkaline dlurries with a pH of 9 or higher. Another site
problem was corrosion at the liquid level of the waste residing in the tank. Other regions of failures are
the joints where the intake/outtake lines or cascade lines were attached (Caggiano 1991). The effects of
the various leak types areillustrated in Figure 3.1.

Of the 10 tanks located within the two farms, half are confirmed or assumed leskers (Hanlon 1999).
A maximum leak volume of 296,000 gals (1,120,482 L) is reported for the WMA A-AX tanks. Small
leaks (500 to 8,000 gals[1,893 10 30,283 L] ) have been reported for four of the tanks with most of the
waste volume leaked to the soil from 241-A-105 (10,000 to 277,000 gals [37,854 to 1,048,559 L] ).
These volumes do not include leaks from transfer lines or other ancillary equipment. Surface spills and
overflow amounts are also excluded. Consequently, reported leak volumes must be considered a mini-
mum of the tota tank-related liquid released within the tank farm boundaries.

An 8t bulge (2.4 m) developed in the bottom of tank 241-A-105 prior to rupture as aresult of the
1965 steam explosion (Westinghouse Hanford Company [WHC]-MR-0264). A significant portion of the
leaked waste from this tank may have been cooling water added to prevent further tank deterioration.
Interpretation of gross gamma logs run in surrounding dry wells and laterals beneath the tank after the
initia steam explosion indicated that gamma-emitting radionuclides migrated into the soils forming low
activity plumes under the tank. From thelogs, it appeared that at least one leak was located at the hedl
joint of the liner with contaminants penetrating vertically into the soil beyond the 125-ft depth (38 m) of
the dry wells (Caggiano 1991).

More recently, results from spectral gamma logs in dry wells near tank 241-A-105 (U.S Department
of Energy [DOE]/GJ-Han-110 1998) indicate only moderate gamma-ray activity around thistank. The
logging report states that *’Cs and ™ Eu are detectable to15 ft (4.6 m) in dry wells. Contamination found
between 15 and 55 ft (4.6 to 16.8 m) may have been brought in during drilling activities when these wells
were deepened. In one dry well located near the northwest side of the tank, **’Cs contamination was
found between 75 and 85 ft (22.9 and 25.9 m). This plumeislocated in the vicinity of anomaous
radioactivity originally detected in the laterals underneath the 241-A-105 tank. Other than these isolated
occurrences, there does not appear to be significant residual gamma-source waste |eft in the vadose zone
at this SST farm to act as a source for groundwater contamination.
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It should be redized, however, that if the main migration pathways are narrow, vertical, high
permesability conduits directly beneath the tank, current subsurface characterization techniques may not
present an accurate image of residual vadose zone plumes. Logging reports from WMA S-SX indicated
very little vadose contamination around tank 241-SX-115. But recent drilling results have reveded the
highest **Tc resultsin groundwater yet reported for the Hanford Site. The magnitude of the estimated
inventory lost to the soil column, and the structural history of the tank do not coincide with the logging
result. Itisunlikely that the logging results are incorrect, but more likely that contaminant migration
pathways were nearly vertical and thus confined to regions closer to the tank and did not impact the
immediate area around the drywells.

Spectra gamma logging was also conducted to map vadose zone plumes at 241-AX Tank Farm
(DOE/GJO-HAN-12 1997). The main congtituents identified are **'Cs, ®°Co, ***Eu, and '*Sb. These
radioactive contaminants mark the location of residua tank-related waste. Results indicated that vadose
zone plumes are small, isolated occurrences more likely caused by surface spills or pipdine leaks.

Migration of contamination by infiltrating surface water, however, could transport some of the mobile
fraction of tank waste to groundwater, as illustrated by the transition from red/yellow to green under the
catch tank in the conceptual model (Figure 3.1). Surface water leaks, spills or ponded precipitation that
encounter residual vadose zone waste in the pore liquids may cause this waste to move rapidly down in
near-vertical, high permeability channels, spreading the contamination to new regions. Waste liquid with
mobile constituents from this scenario would tend to have some lateral movement by capillary forces if
fine-grained sedimentary layers such as silt-rich zones are encountered. However, details of the subsur-
face geology discussed in Section 2.4 indicate few discrete silt layers on which lateral spreading could
occur. Therefore, it is not expected that lateral migration is as important at WMA A-AX asit may bein
the 200 West Area.

Non-Tank Sources

Surface spills of waste liquids have occurred in the SST farms at various times in the past. The
existence of concentrated gamma-emitting radionuclides close to the surface in 241-A and -AX Tank
Farms confirm the presence of shallow vadose zone plumes associated with spills (DOE/GJO-HAN-12
1997). The near surface contamination is probably associated with leaks from transfer lines, diversion
boxes, catch tanks, and vaults. Given a sufficient driving force, any of these residua plumes could
become a source for groundwater contamination.

In addition, there are a series of liquid effluent disposal facilities surrounding the WMA. Some of
these facilities are located in Figure 1.2. The cribs, trenches, and french drains were built to dispose of
liquid waste directly to the soil column. Although the bulk of the disposed liquid was condensate and
condenser cooling water, depleted uranium wagte, cell and stack drainage waste, and tributyl phosphate (TBP)-
kerosene organic waste from PUREX were also discharged to the soil column. The volumes of liquid
effluent discharged to the various facilities ranged from as little as 1,600 gals (6,057 L) to as much as
304 Mgal (1,150,765,182 L). This practice of disposing tank-related wastes directly to the ground has
resulted in
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extensive vadose zone and groundwater contamination surrounding the WMA A-AX. The presence of
these large vadose zone sources complicates the task of distinguishing present day tank farm sources from
adjacent past-practice disposal facility sources.

Sour ce Constituents

Not al of the chemical speciesin tank waste are mobile. Depending on the solubility and concen
tration, some species are more able to leak from atank and migrate through the subsurface to the ground-
water. Thus it isimportant to consider the chemistry and fate of the waste generated at the PUREX plant
and the B Plant fractionation processes, with regard to both relative concentrations and activities.

Prior to storage in the tanks, the PUREX high level, acid waste was buffered to form an akaline
durry to minimize corrosion of the carbon stedl liners. Initialy wastes at WMA A-AX were primarily
inorganic consisting of sodium hydroxide, sodium sats of nitrate, nitrite, carbonate, aluminate,
phosphate, and hydroxides of iron and manganese. Although much of the carbon and hydrogen from the
early organic solvents used in the PUREX process vaporized as CO, and H,, Agnew (1997) reports
significant concentrations of organics in these tanks in both solid and liquid phases. The radioactive
components consists of first order fission products and associated daughter species. Based on analyses of
dudge and supernate from 241-A-105 prior to 1965 and accounting for decay of the short-lived elements,
the primary radioactive components left in the tanks are *°Sr, **'Cs, ®°Co, *°Tc, ***Eu, * **%Pu, and **Am
(Jansen etal. 1965; Anderson 1990). Agnew, however, shows *Sr and it daughter product, *°Y , asthe
radioactive species with the greatest activity in most of the tanks at WMA A-AX.

In genera, the mono and divalent metals formed insoluble compounds with the excess hydroxide to
form the dudges. Thus, it isunlikely to see metals such asiron, lead, or manganese in the leaked waste.
Insoluble species such as*****°Pu and ***Am, athough present at high relative activity levels, would also
tend to stay in the tanks as solids. The salt cake in these tanks is formed primarily from the carbonates
and phosphates. The liquid phase of the waste is enriched in the anionic complexes such as nitrate,
sulfate and pertechnetate along with the some of the organic component and tritium. Sodium and calcium
are the main cations associated with these anionic phases.

Once the tank liquor has escaped to the soil, only the gamma-emitting radioactive nuclides can be
detected with non-invasive logging techniques in the vadose zone. The mobile hazardous components
such as nitrates and sulfates along with beta and alpha emitting radionuclides such as * Tc cannot be
identified until concentrations or activities reach detectable limits in the groundwater at a monitoring
well. Of the radionuclides identified above, only **'Csand ***Eu were identified in the vadose zone at
tank 241-A-105 (DOE/GJ-HAN-110 1998). Cesium-137, *°Co, ***Eu, and "**Eu have been identified at
other locations in the vadose zone a the WMA A-AX (DOE/GJ-HAN-108 1998; DOE/GJ-HAN-109
1998; DOE/GJ-HAN-111 1998).
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Although **'Cs and ®Co are in the liquid phase in tank liquors, these species appear to be sorbed
onto grains in the upper part of the soil column close to the leak point (Serne et al. 1998). Thusthey are
amost completely removed from the remaining mobile faction of migrating tank waste. Thisis shown in
the conceptual modd (Figure 3.1) as the red transitioning to yellow as adsorption occurs.

Hazardous and radioactive constituents detectable in the groundwater are likely to be those that form
anionic compounds and are not readily sorbed in passing through the soils of the unsaturated zone. These
compounds will move with the moisture front through the soils and can later be remobilized by subse-
quent renewed moisture movement such as migrating fresh water. Nitrate, sulfate, %Tc, and tritium are
the most likely constituents to be detected in the groundwater. Also, the organic component might be
detected with analyses for total organic carbon (TOC).

During past operations, primarily condensate and cooling water were discharged to the liquid effluent
facilities that surround WMA A-AX (Figure 1.2). Because those wastes are chemically different than
tank waste, differentiating the two sources in groundwater might not be as complicated at WMA A-AX as
it iselsewhere in the 200 East Area. The chief differences should be high tritium in condensate waste
versus high levels of **Tcin tank waste. Also, many of the tanks at WMA A-AX received organic com-
plexant wastes during the last few years of active service, which are not found in condensate waste. In
addition the waste sent back to the WMA A-AX tanks from the B Plant fractionation processes was
enriched in *°Sr and **'Cs. Although the **'Cs is unlikely to reach groundwater, the *°Sr may if concen-
trations and driving force are great enough.

Recent analyses of porewater taken from contaminated soils collected at the 241-SX Tank Farm were
reported in Myers et a. (1998). The data shows that nitrate is present above background down to depths
of 155 feet. None of the radioactive constituents found at shallower depths (130 ft [39.2 m]) were
detected at this depth. Desorption tests on the most contaminated sediments suggest that **'Csis
irreversibly adsorbed by soil grains. Thus once ¥ Csis removed from the migrating waste, is unlikely to
be remobilized by later migrating fluids. The adsorbed phases may be permanently stored in the soil
column. Thiswould suggest that only mobile components left in pore water are capable of remobilization
due to later driving forces such as infiltrating water.

3.2 Driving Forces

In general, there are two ways that tank-associated waste can migrate to groundwater. Either the
volume of theinitial leak must be large enough to reach groundwater through gravity drive and/or
capillary action, or an external source of water or other liquid must be available to remobilize aresidua
tank-associated vadose zone plume.  Since most tanksin WMA A-AX no longer contain large amounts of
liquid waste, it is unlikely that atank could currently leak enough liquid to reach groundwater unassisted.
However, aleaking waste transfer line during long-term waste removal operations could result in a
substantial leak. Another way might be high pressure duicing of atank that already has aleak point
developed.

Of these two scenarios, the easiest and most likely mechanisms for driving residual vadose zone
contamination to the groundwater are external water sources. For example, atwo-inch raw water line
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broke in February 1978 on the east side of 241-A Tank Farm (Caggiano 1991). Before the line could be
turned off, 60,000 gals (227,125 L) of water were released to the soil column. This large volume of water
caused soil collapse in the center of the farm between tanks 241-A-102 and A-105, even though the
ruptured line was on the east side of the farm.

Sources of water in the vichity of the tanks can be either artificial (man-made) or natural. Examples
of manr-made water sources include nearby leaking or ruptured water lines, leaking fire hydrants or
broken valves. A complex system of water and waste transfer lines exist within the farms to support farm
operations. Failure of these pressurized lines, such as the February 1978 event, could result in driving
tank waste to the groundwater.

Mobility of escaped waste can be increased as aresult of natural recharge such as heavy rainfals and
sudden snowmelts. Johnson and Chou (1998) discuss the extent that rapid snowmelt from recent years
has contributed to natural driving forces. The results of arapid snow melt event in February 1979 are
documented in Hodges (1998) with photographs showing extensive flooding in the 241-T Tank Farm.
The effects of these events can be enhanced by gravel surfaces, lack of plant uptake and transpiration, and
surface depressions that tend to collect and pond run-off and snow melt.

3.3 Migration Pathways

The water table at WMA A-AX is approximately 290 ft (83.4 m) below the surface. Consequently,
much of the migration pathway from the source to the groundwater monitoring well will be in the unsatu-
rated zone. The nature of liquid migration through this zone is not well understood, but it is highly
dependent on heterogeneities and anisotropy in the soil permeability. The bulk of the sediments are high-
energy flood deposits with extreme variability in grain size over verticd and horizontal intervals on the
order of tens of feet. Hydraulic conductivity values would be expected to change on at least the same
scaleif not less. Consequently, delineating migration pathways through a thick sequence of
unconsolidated sedimentsis a chalenging task.

In the 200 East area, unsaturated sediments are primarily gravelly coarse-grained sands and sandy
gravels with afew thin intermittent silt-rich units, there are no low-permesability horizons that would
cause appreciable lateral spreading of infiltrating liquid under WMA A-AX. The detailed stratigraphic
description provided in Section 2.4.2 and in Plates 1, 2, and 3 show a vertical column of predominantly
coarse sands in the vadose zone. The dight doming effect seen at the top of the Ringold formation
appears to be carried through to the contact between the Hanford upper gravel and sand sequences. These
subtle structures at changes in lithologies may control local flow directions for migrating liquid.

However, it is not possible to modd or predict specific pathways.

Studies of aqueous flow in sandboxes suggest that one common pattern of flow through unsaturated
sedimentsisin relatively narrow, vertical fingers with some lateral spreading occurring at silty horizons.
Once saturation of these horizonsis reached, vertical flow commences again. Furthermore, once these
vertical pathways are established with an initia infiltration event, liquids from later infiltration events will
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prefer these established channels (Stephens 1997). The cross-sections portray that the bulk of the sedi-
ments in the vadose zone should promote vertical transport of migrating fluids. The fine-grained
sequence at the top of the Ringold may cause some latera spreading at depth.

Evidence in support of this type of flow behavior in the 200 East Area comes from direct observation
of infiltration tests performed at the 200E/105A Mock Tank Site (Narbutovskih et a. 1996). Electrica
resistivity tomography was used to track leaking saline water from the surface to a depth of about 70 ft
(21.3 m). Resultsindicate that this type of fingering does occur. Furthermore, analysis of the infiltration
rate, the time to reach depth and the total volume of water leaked indicates that a point leak of 0.13 gal-
lons per minute (0.49 L/min) might reach groundwater in afew months (Hartman and Dresel 1997).

The sandbox studies and the infiltration tests suggest that relatively moderate volumes of liquid
(~10,000 gals [37,854 L] ) will travel rapidly through the vadose zone in the 200 East Area possibly
reaching the aquifer in some time period less than ayear. The evidence for this type of migration comes
from direct observation of laboratory and field infiltration tests and not from modeling studies, which are
dependent on site knowledge of unsaturated hydraulic properties.

In severd areas of the Hanford Site, clastic dikes exist in the subsurface. It has been suggested that
these dikes may provide vertical pathways for rapid liquid migration from the surface to the groundwater.
The vertical extent that one dike can extend into the subsurface is presently not known. If clastic dikes do
exist under the farms, a pathway might exist that allows rapid vertical movement of fluids through at least
part of the vadose zone. Other migration pathways that would alow rapid vertical flow are the outer
annulus of poorly sealed or unsealed drywells within the farm boundaries. Water may enter from the
surface to flow downward along the outside of the well casing if the sealant material does not properly
adjoin the casing. Contamination in the vadose zone may aso enter an annular space via discontinuities
in the seal column, such asa“bridge” caused by careless emplacement of sealant materials, and then flow
downward between the flawed seal and well casing. These wells are used for vadose zone monitoring
with gamma ray logging tools and extend to depths of approximately 100 to 150 ft (30.4 to 45.7 m) below
the surface.

As work progresses on the assessments of SST WMAS, more information may become available
furthering our understanding of migration pathways through both the vadose zone and the sedimentsin
the unconfined aquifer. Impacts from various driving forces may aso become better understood. This
conceptual model will be revised as necessary to reflect these new findings.
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4.0 Detection Monitoring Program

The detection monitoring program employed at Waste Management Area (WMA) A-AX was
designed to detect the presence of hazardous waste constituents at the point of compliance located along
the southwest side of the WMA. The current program is based on the waste inventory in the tanks and on
our knowledge in the early 1990s of the loca hydrogeology. In order to produce a more accurate
determination of the groundwater flow direction, the monitoring well network may require a redesign that
accounts for flow direction other than southwest. Coverage for the inclusion of the 244-AR vault and
diversion boxes into the Part A Permit application will also be incorporated into the new monitoring
design. Plansfor resolving the question of flow direction are provided in Section 4.2.3 along with a
tentative schedule. Until the work can be performed and new wells installed, if found necessary, the
current monitoring program will continue. The detection monitoring plan presented herein contains the:

- design of basic interim status Resource Conservation and Recovery Act (RCRA)-compliant
monitoring well network along with as-built diagrams of both RCRA and non-RCRA groundwater
monitoring wells available for contingent assessment monitoring

- current methods employed to routinely determine groundwater flow, both rate and direction
- indicator parameters used to detect the presence of groundwater contamination

- frequency of groundwater sampling

- sampling, analysis and statistical procedures currently used for detection monitoring.

The following sections provide a discussion of monitoring objectives specific to WMA A-AX. A
description of the current detection monitoring plan with suggestions of needed modifications to allow
accurate and early detection of contamination from WMA A-AX isasoincluded. Stepsrequired to
implement these modifications are provided. The RCRA-required assessment monitoring plan outline is
proposed in Appendix B, with details of local well construction given in Appendix C. An explanation of

the statistical calculations along with the Field Sampling Plan (FSP) and Quality Assurance Program Plan
(QAPP) are provided in Appendix D.

4.1 Objectives

In accordance with 40 CFR 265 by reference of Washington State Administrative Code (WAC) 173-
303-400 (3), which describes requirements for a detection monitoring program, the general objectives of
the WMA A-AX groundwater monitoring plan are to:

- monitor to detect indicator parameters, hazardous waste constituents and reaction products that
provide areliable indication of the presence of dangerous constituents in the uppermost aguifer
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underlying WMA A-AX. Thisincludes the single-shell tanks (SSTs), diversion boxes and the
244-AR Vault.

- Operate a groundwater monitoring system at the compliance point, i.e., a the downgradient wellsto
detect constituents that degrade groundwater quality. Provide early warning of leaks occurring at or
near the surface by detection of more mobile constituents (e.g., nitrate, sulfate, and tritium) to allow
timely mitigation of groundwater pollution from WMA A-AX.

- collect groundwater samples at an optimal frequency specifically determined for WMA A-AX to
detect specific, mobile waste constituents and/or indicator parameters to facilitate early warning.

The manner in which these general goals are achieved at a WMA is, to some extent, dependent on Site
characteristics. For example, the 241-A and 241-AX Tank Farms along with the 244-AR Vault and diver-
sion boxes are nearly surrounded with double-shell tank (DST) farms. These DST farms and the
242 A-Evaporator are currently operating facilities storing, transferring and periodically processing liquid
waste. Although DST systems have never developed known leaks, the monitoring network for WMA A-
AX should ideally be placed to provide data that can best differentiate a SST source from a DST,
evaporator, or other potential sources of contamination.

Numerous liquid discharge facilities are aso located around WMA A-AX. Inthe past, tank-related
wastes or Plutonium-Uranium Extraction (PUREX) wastes with similar constituents to the tank waste
were discharged to the soil column at these facilities in quantities large enough to produce extensive
present-day plumes of groundwater contamination. These plumes are mapped in and around groundwater
under the WMA. Furthermore, the residua pore water under the discharge facilitiesis likely to harbor
contamination that can act as new sources for groundwater contamination if a water driver from the
surface is provided. The detection monitoring program should attempt to operate such that waste
currently in the uppermost aquifer or currently being driven to the aquifer from these discharge facilities
can be differentiated from aWMA A-AX source.

Site-specific goals for the groundwater monitoring program at WMA A-AX are to refine monitoring
locations, sampling frequencies, and the constituent list such that it can be determined whether or not
WMA A-AX isthe source of the groundwater contamination. To assist in network refinement, the effici-
ency of the existing groundwater monitoring network may be evaluated with numerica models such as
the Monitoring Efficiency Model (MEMO) (Wilson et a. 1993).

4.2 Groundwater Monitoring Plan

This section describes the existing interim-status groundwater monitoring network that is and will
be used until the flow direction is verified and network modifications are installed. 1t was designed in
accordance with RCRA, as presented in 40 CFR 265, Subpart F. The first section defines the monitoring
network (number and locations of monitoring wells, well construction), provides the method currently
used to determine flow direction/rate and eva uates the network with respect to flow direction. Moni-
toring issues are identified, the groundwater sampling parameters are presented with the constituent
sampling frequency, and the current sampling frequency is evaluated with respect to the program
objectives. Next, the efficiency of the groundwater monitoring network is evaluated and clarified, so that
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tasks can be planned that will lead to network enhancement, as needed. Finaly this section describes the
manner in which data are stored and retrieved, lists data interpretation methods, and provides the
reporting requirements for the program.

4.2.1 Monitoring Network

The present network consists of five RCRA Standard wells and one older carbon-sted well
(Figure 1.2). All six wells are used for water level measurements but, currently, only the five RCRA
Standard wells are sampled for groundwater quality. The water level measurements are made quarterly
over aone hour interval to diminate daily earth tide effects and to reduce barometric effects due to
changing atmospheric pressure.

The monitoring system at dangerous waste sites is located along the hydraulically downgradient limit
of the waste management area, defined as the area on which waste is stored at the regulated unit. Moni-
toring wells are placed as close as reasonably possible to the WMA.. As can be seen from Figure 1.2, only
two wells are close to the WMA boundary. Numerous ancillary facilities are present along the perimeter
of the WMA limits monitoring well sites (Figure 1.2). Utilities, both underground and overhead, water
pipelines, waste transfer lines, diversion boxes, DSTS, support buildings and change trailers make it
impossible to safely install awell without impacting the operation of or the access to existing facilities.
The point of compliance for WMA A-AX equates an imaginary line connecting the downgradient wells.

The quarterly water level measurements are made separately from the sampling events. Sampling for
groundwater quality is performed at least semi-annually as required for a site in interim detection status.
If asignificant increase in a site-specific contaminant is observed, the well with rising contamination may
be placed temporarily on monthly monitoring to evaluate the anomaly. Normal sampling frequency will
resume when the contaminant level has returned to historic background levels. Table 4.1 provides well-
by-well information on sampling objective, sampling frequency, and the position of the well with respect
to flow direction. Although the location of some wells with respect to flow direction is ambiguous,

upgradient and downgradient wells are marked according to the southwest flow direction across WMA A-
AX, asorigindly planned.

Table4.1. Network Monitoring Wells

Upgradient Sampling Sampling

Well Name Completion Date Downgradient Objective Frequency
299-E24-19 1989 Down C, WL SAQ
299-E24-20 1991 Down C, WL SA,Q
299-E25-2 1955 WL Q
299-E25-40 1989 Up C, WL SA,Q
299-E25-41 1989 Up C, WL SA,Q
299-E25-46 1992 Down C, WL SAQ

WL  Water level measurement. Q Quarterly.

C Chemistry monitoring. SA  Semi-annual.
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The basic well design of the five RCRA Standard wells was set according to WAC 173-160,
Minimum Standards for Construction and Maintenance of Wells  Completion dates range from 1989 to
1992. A 4in. (10-cm) inner diameter stainless steel casing was set to within 5 ft (1.5 m) above the water
table. Then 20 ft (6.1 m) of stainless steel continuous-dot screen was set from 5 ft (1.5 m) above to 15 ft
(4.6 m) below the water table. The open portion in the unsaturated zone was done to provide for any rises
in the groundwater over time.

Above the sand pack, which surrounds the screened interval, is a two-inch annular bentonite seal that
extends to within 20 ft (6.1 m) of the surface. Surface casing was set and sealed with cement from 20 ft
(6.1 m) to ground level. The wells were finished with a cement pad and 4 posts for well protection. The
sedls assure that there is no vertical communication aong the outside of the borehole. Dedicated pumps
areingtalled in each borehole. The wells are capped and locked when not in use.

Wl 299-E25-2 was completed in March 1955. Although originally a carbon-steel well with an
8 inch inner diameter, it was recompleted with a6 in. (15.2 cm) inner liner to a depth of 240 ft (73.2 m).
Below that depth it still hasthe 8 in. (20.3 cm) inner diameter casing. When the 6 inch (15.2 cm) liner
was set, the 8 inch casing was perforated and a grout seal placed not only between the inner and outer
casing, but into the formation behind the outer casing. Thus thiswell is sealed down to 240 ft (73.2 m).
Details concerning the site’s well constructions, location coordinates, surveyed elevation, total depth,
genera geologic stratigraphy and well maintenance can be found in Appendix C. Information is adso
provided on other wellsin the area that could be monitored for the WMA A-AX. Some of these wells are
located within the farm fences and therefore, would be costly to monitor. Consequently these wells are
not candidates for detection level monitoring.

As described in Section 2.4, screened intervals in the water table range from 8 to 11 ft (2.4 to 3.35 m).
If the recent increase in the rate of water level decline from 0.3 ft (9 cm) per year to amost 0.8 ft (24 cm)
per year continues, some wells may require replacement within 6 years.

Groundwater Flow Deter mination

The current water table of the unconfined aquifer is nearly flat throughout the 200 East Area.
Although this low gradient is caused, in part, by the dissipating groundwater mound under B-Pond, it is
primarily due to the high aquifer transmissivity in the 200 East Area with respect to upgradient regions
farther to west where transmissivity is considerably less. Before formation of the groundwater mound
beneath B-Pond, the groundwater flowed regionaly to the southeast towards the 300 Area. As evidenced
by the large tritium plume of PUREX waste disposed to the PUREX cribs, the effective flow from the
southeast corner of the 200 East isto the east and southeast at rates from 14 to 18 ft (4.3 to 5.5 m) per day
(Hartman 1999).

When considering the flow for sites with small areas such as WMA A-AX, knowledge of the local

flow is required to ensure proper placement of downgradient wells with respect to the waste storage units
and ancillary equipment. The objective of interim detection monitoring is not to discern where
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contamination is moving across the Hanford Site but to discern if waste from the WMA is entering the
groundwater. Consequently, the regional flow directions and plume trends, as evidenced over miles, can
be mideading when determining the local flow across a site that is 500 ft wide (152.4 m).

Currently the flow direction is determined from gradient calculations based on local water elevations.
Unfortunately, across the 200 East Ares, the differencesin water elevation between wells are small, on
the order of afew inches. The combined errors from water level measurements, survey eevations and
dight borehole deviations from vertical are enough to cause uncertaintiesin local flow direction anywhere
in the 200 East Area. Asreported in Hartman (1999), water level data aone are insufficient to determine
flow direction in thisarea. The authors of that report suggest that other information be considered to
determined flow direction in the 200 East Area

It is especialy important that an adequate understanding of flow direction be obtained at WMA
A-AX because of the potentia risk to human health and safety related to the waste stored at this site.
Because of large liquid volumes of stored waste, the proposed eventua use of sluicing to remove tank
waste, and the ongoing waste transfer for interim stabilization efforts, early detection of leaking
contaminants isimportant. Water levels may continue to yield ambiguous determinations of the local
groundwater flow direction. However, other methods of determining groundwater flow rate and
direction, such as direct measurement techniques, may help resolve uncertainties in this factor and thus
aleviate some of the potential risks.

According to water elevations based on surveys referenced to NAV D88, the direction of flow is
nearly due east. The current network was designed for a southwest flow direction with two upgradient
wells (then 299-E25-40 and 299-E25-41) and only 3 downgradient wells, 299-E24-19, 299-E24-20 and
299-E25-46. As can be seen from Figure 1.2, for easterly flow, only well 299-E25-41 is clearly down-
gradient. Thus, if easterly groundwater flow is occurring beneath WMA A-AX, the current well network
may be inadequate.

The flow rate is calculated with the Darcy equation for a homogeneous, isotropic porous medium.
The current estimate is between 2.6 and 2.2 ft (0.79 to 0.67 m) per day. Asdiscussed in Section 2.4, the
flow rate may be in excess of the rate calculated from ambiguous gradient data and the effective hydraulic
conductivities. Direct measurements of flow rates based on tracer tests and plume tracking suggest flow
rates in excess of 10 ft (3 m) per day (Hartman 1999). If these fast flow rates do indeed control contami-
nant movement, then early groundwater detection of tank-related contaminants leaking to the uppermost
aquifer is important because 241-A and 241-AX Tank Farms are the SST sites closest to the Columbia
River.

Networ k Evaluation

Monitoring network efficiencies are evaluated for SST WMAs with the use of a simple two dimen-
sional horizontal transport model called the Monitoring Model Efficiency Model (MEMO) (Golder 1990).
This model estimates the monitoring efficiency of a network atthe current compliance point by
smulating a contaminant plume originating from a series of grid points within the WMASs using the
Demenico-Robbins method (Demenico and Robbins 1985). The model calculates both advective flow
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and dispersion in two dimensions and determines whether the resulting plume will be detected by a
monitoring well before the plume travels to some arbitrary distance beyond the WMA boundary termed
the buffer zone. Theratio of the area within the WMA over which detection will occur before impacting
the buffer zone to the total WMA area expresses the monitoring efficiency. The model output is a map of
the WMA area showing regions where leaks would not be detected under the given site specific
parameters provided as input to the model.

MEMO models are used as simple guides for determining network usefulness. A MEMO model for
the WMA A-AX network with a southwest flow direction of 225 degrees provided a monitoring effi-
ciency of 95.2% (Figure 4.1a). Thiswas the flow direction for which the network was originally
designed. Areas of the WMA shown in dark are where leaks can occur without detection by the currently
used monitoring network. |f the actual direction is south at 180 degrees, the monitoring efficiency drops
to 82% (Figure 4.1b). For aflow direction to the southeast, at 125 degrees, the monitoring efficiency has
dropped to 42.9% (Figure 4.1d). A direction of 90 degrees azimuth (east) resultsin an efficiency of 51%.
This means that currently 50% of the WMA is not being monitored if an eastern flow direction is correct.

With an east to southeast flow direction, the current network does not function adequately to provide
coverage for WMA A-AX. Wedl 299-E25-2, an older non-RCRA well, is downgradient but lies between
the 216-A-1 and the 216-A-7 cribs. The well location and the distance from the WMA make this well
a poor choice for monitoring the WMA. Also thiswell is far from the required point of compliance.
Furthermore, an easterly flow direction leaves the WMA without adequate upgradient coverage in the
northern part to provide upgradient/downgradint comparisons.

Plans for developing and installing an improved network are given under monitoring issues below.
The network development is proposed with verification of the flow direction using direct measurements
of direction and rate within the opened screen interval of the borehole. Once direction and rate are
verified, then afina design can be optimized using smple flow models. This approach will provide for
complete coverage of the WMA even as the flow direction shifts back to pre-Hanford conditions.

4.2.2 DangerousWaste Constituents

It isrequired under 40 CFR 265.94(8)(2) that WMA A-AX be monitored for indicator parameters
(e.g., pH, conductivity, total organic carbon [TOC], total organic halides [TOX]), that provide ardiable
indication of the presence of dangerous constituents in groundwater. The constituents monitored at
WMA A-AX were determined based on the:

- types and concentrations of constituents in the stored wastes

- mobility, stability and persistence of waste congtituents in the unsaturated zone beneath WMA A-AX
- detectability of waste constituents in the groundwater

- concentrations or values of the monitoring parameters or constituents in the groundwater background
chemistry.
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Figure4.1 Seriesof MEMO Models Used to Evauate Monitoring Efficiency at WMA A-AX. Black or
shaded areas indicate those areas are not covered by the monitoring well network

Appendix D

The site-specific sampling needs and issues at WMA A-AX are presented in the following section
The detailed sampling and analysis plan (SAP), consisting of the FSP and QAPP are provided in

Groundwater Sampling Parameters

According to 40 CFR 265.92 and by reference of WAC 173-303-400, the owner/operator of an

interim-status hazardous waste facility must establish initial background concentrations for the contami-
nation indicator parameters of conductivity, pH, TOC, and TOX. Four replicate analyses for each
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parameter from each well were obtained quarterly for 1 year. Statistical tests, as required, were applied
to these data from upgradient wells to determine the initial background arithmetic mean and variance
(40 CFR 265.93[b]). The critical means for WMA A-AX that resulted from these tests are presented in
Table4.2.

These initia background values will continue to be used until the monitoring network is updated with
respect to the number and location of upgradient versus downgradient wells. Upon completion of the
upgraded netwark, the required interim-status, detection sampling will be performed to alow calculation
of new critical means for the indicator parameters.

The statistical method and cal culations used to determine statistically significant increases in the con-
centration of indicator parameters of downgradent wells as compared to initial background concentra-
tions, is the averaged replicate (AR) t-test, as presented in the Technical Enforcement Guidance
Document (EPA 1986). Details of the statistical method can be found in Appendix D.

A table of indicator parameters along with site-specific constituents are presented in Table 4.3 in
conformance with 40 CFR Part 265, Subpart F. Indicator parameters are eval uated semi-annually under
the current monitoring system. The sampling frequency of each site-specific congtituent is provided.

Table4.2. Criticad Mean Values for the WMA A-AX®

Upgradient/
Downgradient
Average Standard Comparison
Constituent, Unit Background Deviation Critical Mean Value
Conductivity,
mhos/cm 3135 29.838 534.9 534.9
Field pH 8.066 0.182 [6.89, 9.24] [6.89, 9.24]
Total Organic
Carbon,®9 Tg/L 724.375 168.522 1,691.0 1,691.0
Total Organic
Halides,® Tg/L 2.552 0.791 7.1 17.9
(@) Datacollected based on semiannual sampling events from February 1998 to June 1999 for
upgradient wells 299-E25-40 and 299-E25-41.
(b) Critical mean calculated from values reported below vendor’ s specified method of detection
limit.
(c) The upgradient/downgradient comparison valueisthe limit of quantitation (Hartman 1999),
calculated quarterly.
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Table4.3. Indicator Parameters and Site-Specific Waste
Congtituents Along with Sampling Frequency

Contaminant Indicator

Parameters Sampling Frequency
pH Semi -annual quadruplicates
Conductivity Semi -annual quadruplicates

Total organic carbon

Semi -annual quadruplicates

Total organic halides

Semi -annual quadruplicates

Site Specific Constituents

Sampling Frequency

Alkalinity Semi -annual
Anions Semi -annual
Low-level gamma scan Semi -annual
Gross apha Semi -annual
Gross beta Semi -annual
Phenols Annual
ICP metals Semi -Annual
Technetium-99 Semi -annual
TDS Semi -annual
Uranium Semi -annual
Tritium Semi -annual
lodine-129 Annual
Strontium-90 Annual

The analysis for anions captures the values for nitrate, nitrite sulfate and chloride, which are the main
mobile anionic species found in these tanks. The metals analysis provides concentrations for sodium,
aluminum, calcium, iron, chromium, and potassium, the main mobile cations found in tank waste. The
organics listed in tank waste with the greatest concentrations are glycolate, dibutyl phosphate (DBP),
ethylenediaminetetraacetic acid (EDTA), N-(2-hydroxyethyl) ethylenediaminetetraacetic acid (HEDTA),
and butanol. The analysisfor TOC is performed in quadruplicates to monitor for these organics. The
primary fission products aretritium, *°Sr, **Tc, *°Sb, and **'Cs. Of these, tritium and **Tc are the most
mobile species. Various uranium isotopes are monitored with atotal uranium analysis.

Although some of the site-specific constituents appear to be relatively immobile, it is prudent to
sample at least annually for detection, especially as surface operations change due to interim stabilization
and waste removal operations. Also, *°Sr has the greatest activity of the listed radionuclidesin WMA
A-AX SSTs (Appendix B). Although *°Sr is not as mobile as T, it has been observed in groundwater at
other sites, and consequently, is monitored annually. The WMA is located within a regional **°1 plume.
Although **°I is not a mgjor constituent in the tanks, it is analyzed annually because of its mobility in
groundwater.

Recent observations at other SST sites indicate that sampling on a semi-annual frequency may not be
adequate to detect short-lived pulses of waste from the tank farms (Narbutovskih 1998). MEMO
monitoring efficiencies are based on continuous leak sources. 1f sudden releases occur as would be
expected for aleaking line during limited waste transfers or from remobilized plumes due to water line
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ruptures, pulses of short duration may not be detected by the network since the wells are not close enough
or monitored often enough for short duration contaminant events. Thisis because a plume from a pulse
source would not be as dispersed as one for a continuous source. Consequently, these events may go
unobserved with a semi-annual monitoring frequency and coarse well spacing. When the network has
been reevaluated and the adequacy of downgradient coverage determined (and augmented, if needed), the
sampling frequency for mobile constituents will be increased to at least quarterly.

4.2.3 Monitoring I ssues and Resolutions

Monitoring issues specific to WMA A-AX have been identified in the above discussions of the
groundwater monitoring plan. These issues are reiterated in this section for clarity along with solutions or
tasks to solve monitoring problems. A tentative schedule for each task is also provided. The specific
issues are as follows:

- The water table is essentialy flat across the 200 East Area. Without an accurate measurement of the
gradient, the flow direction across the WMA is questionable. Because the local flow can be quite
different from the regional flow combined with changing flow directions as the B-Pond mound
diminishes, regional water table contours and/or regiona plume directions are unreliable for
determining local flow across the site.

- Based on consistent water levels referenced to a more recent well elevation survey, the current flow
direction may be to the east.

- The current network was designed for flow specifically to the southwest. Determination of this flow
direction was based on a presumed regiona flow due the presence of the B-Pond mound. No wells
were placed to allow for changes in flow direction over time.

- Modd studies using an east flow result in a monitoring efficiency of 51.0%, suggesting contami-
nation entering the groundwater under half of the WMA is not detectable with the current location of
wells.

- Recent revisions to the Part A Permit application for WMA A-AX have added the 244-AR Vault and
farm ancillary equipment to the WMA. The vault is outside the boundary of either 241-A- or
241-AX Tank Farm. The approximate flow direction determined from current hydrographs indicates
that well 299-E24-20 may not be placed adequately to detect groundwater contamination from this
facility.

- Findly, with the present rate of water table decline, some wellsin the network may be unusable in
about six years.

A modified network might include as many as four new downgradient wells spaced approximately
200 to 250 ft (65 to 82 m) apart with up to three upgradient wells. More complete upgradient coverage is
needed than the required one well at SST sites surrounded by liquid effluent disposal facilities to allow
discriminating between tank waste and waste associated with these upgradient discharge facilities. The
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elongated geometry of the WMA boundaries also indicates the need for additional upgradient wells.
These numbers are without respect to existing wells that may eventually become unusable due to the
declining water levels. The design modifications to the existing network should account for current
conditions and probable changes in flow direction to the southeast. Future well locations should also be
chosen to dlow differentiation, to the degree possible, between waste from surrounding DST waste
storage/treatment/discharge facilities and waste from the SSTs. MEMO studies will be performed in
support of network design after a more accurate flow direction is determined. Consideration will also
be given at that time to coverage for the recent inclusion of the 244-AR-Vault into the WMA.

Because water levels are not accurate enough to determine flow direction, instruments such as the
colloidal boroscope may be employed to verify and refine flow direction and rate. The colloidal
boroscope is an in situ technique developed to directly measure the flow rate and direction through a
borehole. It has been demonstrated successfully twice at the Hanford Site in FY 1994 and recently in FY
1999. It isaso an accepted method of flow direction/rate used increasingly in the field of groundwater
studies. Results of the Hanford tests indicate that the tool can provide useful, reliable information on flow
properties in the highly transmissive Hanford formation sediments.

The list of specific tasks required to address monitoring issues at WMA A-AX are presented below
along with a tentative schedule for preliminary tasks. A schedule for the installation of new wells will be
incorporated into the plan with achange notice. Tasks are:

- confirm with Ecology specific objectives for monitoring at WMA A-AX
FY 2001

- conduct investigation of degree to which monitoring well 299-E24-19 is not vertical using the
downhole gyroscope
FY 2001

- determine flow direction and rate directly with the colloidal boroscope used in conjunction with
refined water levels
2nd quarter, FY 2001

- perform flow modeling with correct flow rate/direction/point of compliance to obtain optimal well
placement
3rd quarter FY 2001

- design network with well placement such that objectives are achieved; design to account for future
flow directions
1st quarter FY 2002

- instal wells
No tentative date.
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After an adequate well network is installed, the following changes in the groundwater plan will be made:

- Re-establish critical means for indicator parameters, specifically pH and conductivity, once
upgradient wells have been installed.

- Determine groundwater flow rate and direction at new wells.

- Continue monitoring and investigate the cause of elevated chromium, nickel and manganese in well
299-E24-19. Evauate the need for further investigation annually.

4.2.4 Data Management, I nterpretation, and Reporting

The manner in which the data are received, handled and stored at Pacific Northwest National Labora-
tory (PNNL) is described in this section along with information pertaining to data interpretation and
reporting of the project results to U.S. Department of Energy-RL (DOE-RL) and Washington State
Department of Ecology (Ecology).

The contract laboratories provide analytical results in written report form and on digital disk. The
results are then loaded into the Hanford Environmental Information System (HEIS) database. Field-
measured parameters such as field conductivity, pH, temperature, and turbidity are entered manually or
through electronic transfer from the sampling subcontractor. Data from HEIS can be downloaded to
smaller databases, and spreadsheets for easier handling and interpretive analysis. The printed analytical
data reports and original field records stored at PNNL are the official record copies. If questions arise
concerning the validity of a data value, the officia record copies are used for initial verification.

The data undergo a vaidation/verification process according to documented procedures as described
in Appendix D.3 and according to the Hanford Groundwater Monitoring Project Qudity Assurance
Project Plan (QAPP). Thisplaniskept in project filesat PNNL aong with al documentation and data
acquisition pertaining specificaly to groundwater monitoring at WMA A-AX. As periodic reviews of the
data are released, a copy of each review is kept in these project files. Beginning with FY 1996, the annua
groundwater monitoring report contains adigital disk of all chemical and water level data collected for
the year (Hartman 1999). The report is also accessible on the PNNL groundwater monitoring website at:
http://hanford.pnl.gov/groundwater/gwmonrep.htm

Once the laboratory data are available on HEIS, a qualitative check is performed to assure that data
are reasonable with respect to historic trends for each specific constituent of concern. If changes occur
from one sampling interval to the next that are unusual, trend comparisons are made with an appropriate
co-contaminant to verify the change. If the value continues to appear anomalous, the results are returned
to the laboratory for further checking and possible reanalysis.

After data are validated and verified, the accepted data are used to interpret groundwater conditions at
the site. Interpretive techniques include but are not limited to:
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- hydrographs. the water levels are plotted versus time to determine fluctuations in groundwater levels
and any changesin flow direction.

- water-table maps. normally water-table elevations are mapped from multiple wells to construct
contour maps to estimate flow directions. Groundwater flow is assumed to be perpendicular to lines
of equal potential for the local region proximal to aWMA. In areas with aflat water table where
contours can not be constructed with any certainty, flow direction must be estimated from relative
well positions on hydrographs and/or from solutions to gradient fits using selected wells. The
approximate gradient along with estimates of the saturated hydraulic conductivity and porosity are
used to determine the flow rate. Data from the colloida boroscope, however, will alow direct
observation of the flow direction and provide an adternative method of estimating the local flow rate.

- historic trend plots. concentrations/activities of chemical and/or radiologica constituents are plotted
versus time to determine increases, decreases, and fluctuations in concentrations or activities. The
trend plots are used to make upgradient/downgradient comparisons for indicator parameters. These
plots may be used in tandem with hydrographs and/or water-table maps to determine if concentrations
relate to changes in water-level or in groundwater flow directions.

- plume maps. distributions of chemical concentrations or radiological activities are mapped across the
local WMA to determine the extent of contamination. Changes in plume distribution where notice-
able movement occurs over time aid in determining movement of plumes and the direction of flow.

- contaminant ratios can also be used to distinguish between different sources of contamination.

- conductivity charge balances are used to check the quality of the data.

A summary of the reporting requirements for compliance with 40 CFR 265, Subpart F are liged in
Table 4.4.
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Table4.4. Reports Required for Compliance with 40 CFR 265, Subpart F, for Groundwater Monitoring

Regulatory

Submittal Submittal Period Reporting Vehicle Requirement
First Year of Sampling: Quarterly Complete‘a’ 40 CFR
Concentrations of Interim Primary 265.94(a)(2)(i)
Drinking Water Constituents,
Identifying Those that Exceed Limits.
Concentration and Statistical Analyses | Annually, by Hanford 40 CFR
of Groundwater Contamination March 1 of following | Groundwater 265.94(a)(2)(ii)

Indicator Parameters, Noting
Significant Differences in Upgradient
Wells.

year.

Monitoring Report
(e.g., Hartman 1999)

Results of Groundwater Surface
Elevation Evaluation and Description
of Response if Appropriate.

Annually, by
March 1 of following
year.

Hanford
Groundwater
Monitoring Report

40 CFR
265.94(a)(2)(iii)

Outline For Groundwater Quality

Within one year after

Appendix A of this

20 CFR 265.93(a)

Assessment Program effective date of document
regulations
Notification of Statistical Within 7 days of L etter to Ecology 40 CFR 265.93(c)
Exceedance® verification
Assessment Plan™ Within 15 days of PNNL document or | 40 CFR 265.93(d)
notification letter
Determinations Under Assessment Assoon astech- PNNL document, 40 CFR 265.93(d)(5)
PrograrﬁB) nically feasible; letter, or Hanford and 265.94(b)

annually thereafter

Groundwater
Monitoring Report

() Requirement was fulfilled during first year of sampling via published reports. Quarterly submittal of data

continuesviaHEIS.

(b) Required if exceedance occursand isverified.
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Appendix A

Tank Waste Inventory

The wastes received by the 241-A and 241-AX Tank Farms were alkaline durries of mixed waste,
containing dangerous constituents and radioactive fission products. Although only the dangerous and
extremely hazardous wastes, as defined by WAC 173-303 are regulated under RCRA monitoring
programs, analyses of groundwater samples are performed to also detect the radioactive components. The
combination of monitoring for both components of the mixed waste increases the ability to detect waste
associated specifically with WMA A-AX. As such, the waste inventory is provided in this appendix
on a tank-by-tank basis and includes description of both hazardous and radioactive species.

These data are taken from Agnew (1997) based on the Hanford Defined Waste Moddl. This model
estimates the whole tank inventory based on process knowledge and accounting for nuclear decay and
resulting daughter products. The tank-by-tank inventories include 26 chemical constituents and 46
radionuclides. The results shown include the total of the solid and liquid fractions for each tank in WMA
A-AX. For afurther description of the process by which these data are determined, the reader is referred
to Agnew (1997).

In an attempt to resolve the inconsistencies between the currently used River Protection Project
inventories and the Hanford Defined Waste Model developed by Los Alamos National Laboratory, the
best-basis inventory was developed on both a global basis and a tank-by-tank basis for each of the
177 sngle- and double-shell tanks. This data set was not included at this time because results are present
in total curies and not as concentrations, which are needed to compare to groundwater analytical results.
The best basis data will, however, be consulted for relative differences between speciesin a given tank.
The best basis data inventory is maintained by the River Projection Project as part of the Standard
Inventory task and further description can found in Kupfer et al. 1997.
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HDW Model Rev. 4

Single-Shell Tank 241-A-101

Taotal Inventory Estimate*

Physical
Pranerties =08 ClI 87 Cl +67 Cl 495 ClI
| Total Waste 537E+06 (k) (953 kqal)
Heat Load 2.29 (KW) (2. 49F+04BTU/hr oo 6.66 203 753 .88
Bulk Densityt 1.49 (g/cc) 144 147 1.50 151
Water wt%t 42.3 401 408 436 454
TOC wi% C (wet)T 1.19 0664 0021 145 171
Chemical -95 CI -67 ClI +67 ClI +95 CI
Congtituents mole/l pom ka (maole/l)  (mole/l)  (male/l)  (male/l )
Nat+ 11.2 1.73E+05 9.27E+05 102 107 116 119
Al3+ 1.39 2.53E+04 1.36E+05 117 124 142 147
Fe3+ (total Fe) 1.60E-02 601 3.23E+03 149E-02 1 55E-02 1.66E-02 1.71E-02
Cr3+ 9.83E-02 3.43E+03 1.84E+04 8 GOE-02 9 30E-02 0.103 0.109
Bi3+ 1.02E-03 143 767 953F-04 987E-04 105603 110E.03
La3+ 1.95E-05 182 9.78 1.44F-05 1.69E-05 2.22E-05 2.47E-05
Hg2+ 8.12E-06 1.09 5.88 779E-06 7.95F-06 8.29F-06 8.46E-06 |
Zr (as ZrO(OH)2) 1.29E-04 7.88 42.3 1.19F-04 1.22F-04 1.33F-04 1.38E-04 |
Pb2+ 1.09E-03 152 817 849F-04 9 68F-04 122E-03 1.34F-03
Ni2+ 4.62E-03 182 978 A24E-03 A53E-03 A67E-03 A71E.03
Sr2+ 0 0 0 0 0 0 0
Mn4+ 3.76E-03 139 746 323F-03 3.49F-03 4.03F-03 429F-03
Ca2+ 2.47E-02 666 3.58E+03 230E.02 2230E.02 255602 2 63E-02
K+ 5.37E-02 1.41E+03 7.58E+03 4 GOE-02 4.94E-02 5 33F-02 6.56E-02
OH- 7.88 9.00E+04 4.83E+05 6.80 7.58 307 822
NO3- 3.57 1.49E+05 7.98E+05 229 242 264 275
NO2- 2.04 6.30E+04 3.38E+05 164 181 299 225
C0O32- 0.422 1.70E+04 9.13E+04 0.389 0.405 0.439 0,450
PO43- 7.66E-02 4.88E+03 2.62E+04 G A5E-02 Z00E-02 211E.00 R70E-02
SO42- 0.234 1.51E+04 8.11E+04 0.188 0.207 0.266 0.268
Si (as SI032:) 6.45E-02 1.22E+03] 6.53E+03 2.69E-02 £.06E-02 £.83E-02 Z21E-02
F 5.51E-02 704] 3.78E+03 A72E-02 5.05F-02 6.03F-02 681E-02
Cl- 0.194 4.61E+03 2.47TE+04 0167 0179 0200 0.205
C6H5073- 2.72E-02 3.45E+03 1.85E+04 2 40E-N2 A=) 2 26F_02 2 08E.02
EDTA4- 2.86E-02 5.53E+03]  2.97E+04 9 24E-03 1 87E-00 2 8RE-Q0 4 83E-02
HEDTA3- 5.14E-02 9.46E+03 5.08E+04 1.27E-02 3 16E-02 Z.13E-02 9.08F-02
glycolate- 0.106 5.35E+03 2.87E+04 6.75E-02 8 GAE-02 0.126 01461
acetate- 1.86E-02 737 3.96E+03 1.48E-Q2 1.64E-02 2.09F-Q2 2.45E-02
oxal ate2- 2.56E-05 151 8.12 228E.08 2 4oE.08 2 Z0E-0% 2 84E-08
DBP 2.17E-02 306E+03] 1.65E+04 1.81F-02 1.97E-02 2.39F-02 2.71E-02
butanol 2.17E-02 1.08E+03 5.80E+03 1.81F-02 1.97E-02 2.39E-02 2.71E-02
NH3 5.06E-02 578 3.10E+03 420F-02 454F-00 5 72F-Q2 ga0c-02 ]
Fe(CN)64- 0 0 0 0 0 0 0

*Unknownsin tank solids inventory are assigned by Tank Layering Model (TLM).
TWater wt% derived from the difference of density and tota dissolved species.
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HDW Model Rev.

IS

Single-Shell Tank 241-A-101

Total Inventory Estimater

05 Cl W-vdall +R7CI +05 (|
Total Waste 5.37E+06 (kgl)l (953 kgal),
Heat L oad 7.29 (kW) (2.49E+04 BTU/hr) 6.66 7.03 7.53 7.88
Bulk Densityt 1.49 (g/cg) 144 147 1.50 151
Water wt%t 42.3 40.1 408 43.6 45.4
TOC wit% C (web)t 1.19 0.664 0.921 1.45 171
Radiological
Condituents Cill LCila Ci 295 CI(Cill) BZCl(Cill +87 Cl(Cill) +95 CI (Cill)
4.3 2.03E-04 0.136 731 1.35E-04 1.35E-04 2.18E-04 2.37E-04
c.14 3.18E-05 2.14E-02 115 1.76E-05 1.76E-05 3.24E-05 3.29E-05
Ni-59 1.99E-06 1.33E-03 7.16 1.326-06 1.326-06 2.04E-06 2.08E-06
Ni-63 1.95E-04 0.131 703 1.20E-04 1.20E-04 2.00E-04 2.04E-04
Co-60 4.02E-05 2.70E-02 145 2.40E-05 2.40E-05 4.13E-05 4.24E-05
S 70 3.29E-06 2.21E-03 119 2.39E-06 2.39E-06 3.62E-06 3.93E-06
<90 0.133 89.5] 481E+05 0.126 0.131 0.136 0.138
Y-90 0.133 89.6] 4.81E+05 0.102 0.102 0.136 0.138
Zr-93 L61E-05 1.08E-02 58.1 1.16E-05 1.16E-05 L77E-05 1.93E-05
Nb-93m 1.17E-05 7.87E-03 423 8.55E-06 8.55E-06 1.29E-05 1.40E-05
Tc-09 2.41E-04 0.162 869 1.88E-04 2.14E-04 2.71E-04 3.12E-04
RU-106 7.09E-09 4,76E-06 2.56E-02 4.99E-09 4.99E-09 7.69E-09 8.27E-09
Cd-113m 8.53E-05 5.73E-02 308 5.82E-05 5.82E-05 9.52E-05 1.05E-04
Sb-125 1.80E-04 0.121 651 1.10E-04 1.10E-04 1.87E-04 1.93E-04
Sn-126 4.98E-06 3.35E-03 18.0 3.63E-06 3.63E-06 5.47E-06 5.95E-06
1-129 4.65E-07 3.13E-04 1.68 3.63E-07 4.13E-07 5.24E-07 6.03E-07
Ce134 3.50E-06 2.35E-03 126 2.03E-06 2.75E-06 4.25E-06 4.99E-06
Cs-137 0.240 161 8.66E+05 0.213 0.225 0.254 0.274
IBa-137m 0.227 152] 8.19E+05 0.188 0.188 0.240 0.253
Sm-151 1.16E-02 7.70] 419E+04 8.44E-03 8.44E-03 1.28E-02 1.38E-02
Eu-152 4.46E-06 2.99E-03 161 3.34E-06 3.34E-06 4.99E-06 5.52E-06
Eu-154 6.20E-04 0.422]  2.27E+03 4,03E-04 4,03E-04 7.10E-04 7.47E-04
Eu-155 2.66E-04 0.179 961 2.00E-04 2.00E-04 2.99E-04 3.31E-04
Ra-226 1.46E-10 9.78E-08 5.25E-04 1.18E-10 1.18E-10 1.56E-10 1.65E-10
IRa-228 3.08E-07 2.07E-04 111 8.87E-08 8.87E-08 3.40E-07 3.74E-07
AC207 8.78E-10 5.80E-07 3.17E-03 7.15E-10 7.15E-10 9.36E-10 9.93F-10
Pa23l 3.79E-09 254E-06] 1.87E02 2.88E-09 2.88E-09 4.11E-09 4.43E-09
Th-229 7.16E-09 4.81E-06 2.58E-02 2.08E-09 2.08E-09 7.85E-09 8.59E-09
Th-232 3.29E-08 2.21E-05 0.119 5.73E-09 5.73E-09 4.03E-08 4.75E-08
U-232 9.37E-07 6.30E-04 338 7.24E-07 8.14E-07 1.08E-06 1.23E-06
U-233 3.50E-06 2.41E-03 130 2.78E-06 3.12E-06 4.13E-06 4.71E-06
U-234 6.08E-07 4.08E:04 2.19 5.88E-07 6.00E-07 6.16E-07 6.23E-07
1).235 2.41E-08 1.62E-05 8.70E-02 2.33E-08 2.38E-08 2.45E-08 2.48E-08
1J-236 1.96E-08 1.31E-05 7.05E-02 1.90E-08 1.93E-08 1.98E-08 2.00E-08
U-238 8.34E-07 5.60E-04 301 8.15E-07 8.26E-07 8.42E-07 8.68E-07
ND-237 8.40E-07 5.64E-04 3.03 6.67E-07 7.51E-07 9.38E-07 1.07E-06
Pu-238 L1.40E-06 9.39E-04 5.05 1.20E-06 1.30E-06 1.50E-06 1.60E-06
P-239 5.00E-05 3.36E-02 181 4.48E-05 4,74E-05 5.27E-05 5.52E-05
Py-240 8.47E-06 5.69E-03 30.6 7.51E-06 7.98E-06 8.97E-06 9.44E-06
pu-241 9.75E-05 6.55E-02 352 8.37E-05 9.05E-05 1.05E-04 1.11E-04
pu-242 5.10E-10 3.49E-07 187E-03 4.37E-10 477E-10 5.61E-10 6.02F-10
Am-241] 5.47E-05 3.68E-02 197 4.51E-05 4.98E-05 5.96E-05 6.43E-05
Am-243 2.01E-09 135E06]|  7-26E-03 1.63E-09 L81F-09 2.25E-09 2.46E-09
Cm-242 1.48E-07 9.97E-05 0.536 1.03E-07 1.03E-07 1.69E-07 1.89E-07
Cm-243 1.36E-08 9.11E-06 4.89E-02 9.18E-09 9.18E-09 1.54E-08 1.72E-08
Cm-244 1.10E-07 7.39E-05 0.397 6.48E-08 6.48E-08 1.25E-07 1.35E-07
95 CI -67Cl +67 Cl
Taotalg M iTallal ko (M _ar o/l ) (M _ar o/l (M _ar g/l 208 _CI(MM ar o/l )
Pu 6.04E-04 (g/L 2.18 5.06E-04 5.54E-04 6.54E-04 7.02E-04
U 6.82E-03 109E+03]  5.86E+03 6.59E-03 6.73E-03 6.93E-03 7.00E-03

*Unknownsin tank solids inventory are assigned by Tank Layering Model (TLM).
TVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Single-Shell Tank 241-A-102

Taotal Inventory E<timate*

Physical
Pronerties =08 ClI 67 Cl +R87Cl +908 Cl
Tota Waste 2 38F05 (ko) (41 0kgal)
Heat Load 1.02 (kW) (3,49E+03 BTU/hr)l 0260 0752 115 122
Bulk Densityt 1.52 (g/cc) 146 1.50 154 155
Water wt%t 40.0 372 384 415 434
TOC wit% C (w 1.49 0768 112 135 214
Chemical -95 ClI -67 Cl +67ClI +95 ClI
Congtituents!  moaole/l pom ka (maole/l)  (moale/l)  (male/l)  (maolell )
Nat 11.9 1.79E+05|  4.23E+04 107 113 123 126
Al3+ 1.43 2.54E+04 6.00E+03 117 127 147 120
Fe3+ (total Fe) 0.101 3.71E+03 877 2 9OE. 02 2 6]E-02 0107 0.111
Cr3+ 9.79E-02 3.34E+03 790 8 74E-Q2 Q9 24F-02 0.103 0111
Bi3+ 1.04E-03 143 33.7 9 Z1E-04 101E-03 1.08E.03 113E-03
La3+ 1.87E-05 17 0.403 1.38F-05 1.62F-05 212E-05 2.36E-05
Hg2+ 8.44E-06 111 0.263 8.05F-06 8.25F-06 8.63F-06 8.82F-06
Zr (as ZrO(OH)2) 1.24E-04 7.40 175 1.14E-04 1.18E-04 1.27E-04 1.33F-04
Pb2+ 1.16E-03 157 37.2 8 77F-04 1.01F-03 1.30F-03 1.44F-03
Ni2+ 4.25E-03 164 38.7 A03E-03 A16E-03 A20E.03 433603
Sr2+ 0 0 0 o] 0 0 0
Mn4+ 3.92E-03 141 33.4 340F-03 365E-03 418F-03 4.43F-03
Ca2+ 3.33E-02 876 207 2 24E-02 23502 A04E-O2 A42E.02
K+ 5.58E-02 1.43E+03 339 A72F-02 5.08F-02 6.16F-02 6.95F-02
OH- 8.29 9.26E+04 2.19E+04 7.05 7.94 847 862
NO3- 3.60 1.46E+05 3.46E+04 220 349 270 2 an
NO2- 2.13 6.45E+04 1.52E+04 168 187 242 2 50
CO32- 0.461 1.82E+04 4.29E+03 0.406 0.429 0.490 0.530
PO43- 7.90E-02 4.93E+03 1.16E+03 A 75E-00 Z25E-00 R42E-00 9 Qo2
SO42- 0.250 1.58E+04 3.72E+03 0.197 0.219 0.286 0.289
|Si (as Si032-) 0.195 3.60E+03 850 6 18E-02 0134 0222 0238
F- 5.70E-02 712 168 479F-02 5.16F-02 630F-02 Z19F-02
Cl- 0.201 4.68E+03 1.11E+03 0171 0184 0207 0212
C6H5073- 2.82E-02 3.51E+03 828 2 5AE-02 2 A7E-02 2 00E.02 325E.02
EDTA4- 4.04E-02 7.65E+03 1.81E+03 1.26E-02 2 GAE-02 5 44E-02 6.69E-02
HEDTA3- 7.44E-02 1.34E+04 3.16E+03 1.88F-02 4 G4E-02 0102 0127
glycolate- 0.130 6.39E+03 1.51E+03 7 A1E-Q2 0.102 0.158 0.183
acetate- 2.07E-02 803 190 1.63E-02 1.82F-02 2.234E-02 2 75E-02
oxalate2- 2.45E-05 1.42 0.335 210508 2 30E.08 2 5oE.08 2 72E.08
DBP 2.30E-02 3.17E+03 749 1.80F-02 2.06E-02 2.55E-02 2.92E-02
butanol 2.30E-02 1.12E+03 264 1.89F-Q2 2.06F-02 2.55F-02 2.92F-Q2
NH3 5.87E-02 656 155 4.82F-02 5.32F-02 651E-02 7 26E-02
Fe(CN)64- 0 0 0 Q o] Q 0

*Unknownsin tank solidsinventory are assigned by Tank Layering Model (TLM).
TWater wt% derived from the difference of density and tota dissolved species.
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HDW Model Rev. 4

Single-Shell Tank 241-A-102

Total Inventory Edtimate*

|Physical Pronertiog =08 _C| Mavdell 487 Cl 495 _CI
Total Waste 2.36E+05 (kg (41.0 kgal)
Heat Load 1.02 (kW) (3.49E+03 BTU/hr 0.260 0.752 1.15 1.22
Bulk Densityt 1.52 (g/cc) 1.46 1.50 154 155
Water wt%t 40.0 37.2 384 415 434
TOC wt% C (wet) T 1.49 0.766 1.13 1.85 2.16
Radiological
Congituents Cill uCiln Ci 95 CI(Cill) BZCl(Cill) +87 Cl (Cill) +£95 CI (Ci/l )
H-2 2.12E-04 0.139 32.9 1.47E-04 1.47E-04 2.34E-04 2.59E-04
C.14 3.31E-05 2.17E-02 5.13 1.93E-05 1.93E-05 3.38E-05 3.64E-05
Ni-59 4.62E-05 3.04E-02 717 4.30E-05 4.46E-05 4.79E-05 4.94E-05
Ni-63 4.55E-03 2.99 706 4.23E-03 4.39E-03 471E-03 4.86E-03
C0-60 4.27E-05 2.80E-02 6.62 2.60E-05 2.69E-05 4.42E-05 4.76E-05
<679 2.80E-05 1.84E-02 4.35 8.25E-06 1.58E-05 4.03E-05 5.20E-05
<90 0.799 55|  1.24E+05 9.73E-02 0.555 0.906 0.965
Y-90 0.799 525 1.24E+05 9.73E-02 0.555 0.907 0.965
Zr-93 1.236-04 8.09E-02 191 3.20E-05 6.21E-05 1.84F-04 2.43E:04
Nb-93m 1.03E-04 6.79E-02 16.0 2.76E-05 6.07E-05 1.46E-04 1.87E-04
Tc-99 2.52E-04 0.165 39.1 1.96E-04 2.21E-04 2.86E-04 3.33E-04
RuU-106 1.99E-07 1.31E-04 3.09E-02 1.54E-07 1.89E-07 2.10E-07 2.20E-07
Cd-113m 3.16E-04 0.208 49.1 8.49E-05 1.88E-04 6.27E-04 9.79E-04
Sh-125 1.93E-04 0.127 300 1.23E-04 1.23E-04 2.02E-04 2.10E-04
Sn-126 4.48E-05 2.94E-02 6.95 1.34E-05 2.65E-05 6.31E-05 8.07E-05
1-129 4.87E-07 320E-04| 755602 3.78E-07 4.27E-07 5.54E-07 6.45E-07
Ce134 4.39E-06 2.88E-03 0.681 2.29E-06 3.33E-06 5.45E-06 6.40E-06
Cs.137 0.255 168]  3.96E+04 0.217 0.236 0.274 0.295
Ba-137m 0.242 150)  3.75E+04 0.197 0.197 0.260 0.276
Sm-151 0.104 685] 162E+04 3.17E-02 6.15E-02 0.147 0.188
Eu-152 2.76E-05 1.81E-02 4.28 2.61E-05 2.65E-05 2.83E-05 2.90E-05
E11-154 1.19E-03 0.785 185 5.98E-04 6.61E-04 2.26E-03 4.13E-03
Eu-155 1.69E-03 1.11 262 1.59E-03 1.62E-03 1.73E-03 1.77E-03
Ra-226 3.12E-09 2.05E-06 4.83E-04 2.37E-09 2.74E-09 3.49E-09 3.86E-09
|Ra-228 3.40E-07 2.24E-04 5.28E-02 8.83E-08 8.83E-08 3.72E-07 4.05E-07
AC227 1.63E-08 1.07E-05 2.52E-03 1.10E-08 1.41E-08 1.85E-08 2.06E-08
pa-23l 2.68E-08 176E-05] 416803 4.58E-09 1.46E-08 3.90E-08 5.08E-08
Th-229 7.89E-09 5.18E-06 1.22E-03 2.07E-09 2.07E-09 8.58E-09 9.32E-09
Th-232 3.69E-08 2.42E-05 5.72E-03 5.70E-09 5.70E-09 4.54E-08 5.36E-08
U-232 1.00E-06 6.50E-04 0.156 7.67E-07 8.61E-07 1.16E-06 1.34E-06
U-233 3.85E-06 2.53E-03 0.597 2.94E-06 3.30E-06 4.46E-06 5.12E-06
U-234 6.12E-07 4.02E-04 9.50E-02 5.93E-07 6.05E-07 6.20E-07 6.27E-07
1235 2.42E-08 1.59E-05 3.76E-03 2.34E-08 2.39E-08 2.46E-08 2.48E-08
U-236 1.98E-08 1.30E-05 3.08E-03 1.93E-08 1.96E-08 2.01E-08 2.03E-08
U-238 8.58E-07 5.64E-04 0.133 8.40E-07 8.51E-07 8.66E-07 8.98E-07
NO-237 8.73E-07 5.73E-04 0.135 6.92E-07 7.72E-07 9.85E-07 1.14E-06
Pu-238 3.62E-05 2.37E-02 561 2.43E-05 3.38E-05 3.83E-05 4.04E-05
Pu-239 9.79E-04 0.643 152 6.60E-04 9.01E-04 1.06E-03 1.13E-03
Pu-240 1.81E-04 0.119 28.1 1.22E-04 1.68E-04 1.95E-04 2.07E-04
Pu-241 2.56E-03 1.68 398 1.72E-03 2.40E-03 2.72E-03 2.87E-03
pu-242 1.51E-08 9.90E-06 2.34E-03 1.01E-08 1.41E-08 L.50F-08 L67E-08
Am-241 111E-03 0.726 172 7.47E-04 9.23E-04 1.20E-03 1.47E-03
Am-243 5.72E-08 376E-05| 888803 4.29E-08 5.28F-08 6.12E-08 6.47E-08
Cm-242 1.03E-06 6.75E-04 0.159 9.71E-07 9.83E-07 1.06E-06 1.08E-06
Cm-243 9.28E-08 6.10E-05 1.44E-02 8.77E-08 8.86E-08 9.54E-08 9.77E-08
Cm-244 3.34E-06 2.20E-03 0.519 2.43E-06 3.13E-06 3.56E-06 3.76E-06
-95 CI -67Cl +67 Cl +95 Cl
Tatals M [iTallal ka (M or afl ) (M or o/l (M or o/l (M or o/l )
Pu 1.63E-02 (g/L 2.53 1.09E-02 1.50E-02 1.76E-02 1.89E-02
U 6.85E-03 1.07E+03 253 6.62E-03 6.76E-03 6.95E-03 7.02E-03

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).

tVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Qinglp-thll Tank 241-A-103

JLotal loventory Edfimater
Physical
Properties -95 CI -67 Cl +67Cl +95 ClI
Total Waste 2.13F+06 (kg) (371 kgal)
Heat Load 3 57 (W) (1 226104 RT1I/hN 2230 245 268 284
Bulk Densityt 1.52 (g/cc) 146 149 154 154
| \Water wi%t 40.2 377 385 AlZ 437
TOC wit% C (web) T 128 0711 0989 156 184
Chemical -95 ClI -67 Cl +67Cl +95 ClI
Condtitients malell nom ka (male/l ) (malell ) (male/l ) (male/l )
Na+ 11.8 1.79E+05 3.81E+05 107 11.3 123 12.6
Al3+ 1.48 2.64E+04 5.62E+04 1.21 1.42 152 1.56
Fe3+ (total Fe) 1.86E-02 683 1.46E+03 174E-02 180F-02 191E-02 197E-02
Cr3+ 0.101 3.47E+03 7.40E+03 9.04F-Q2 9 57E-02 0.107 0.115
Bi3+ 1.07E-03 148 315 1.00F-03 1.04F-03 111E-03 117E-03
La3+ 192E-05 176 3.75 1 40002 147008 21805 2 42- 0o
Hg2+ 8.71E-06 115 2.45 8 32F-06 8 52F-06 892F-06 9 11E-06
Zr (as ZrO(OH)2) 1.28E-04 7.68 16.4 1.18F-04 1.22F-04 1.32F-04 1.37E-04
Pb2+ 1.19E-03 163 348 9.0RF-04 1.05F-03 1.34F-03 1.48F-03 ]
Ni2+ 5.52E-03 214 455 5.35F-03 5.43F-03 557E-03 5.60F-03
Sr2+ 0 0 0 0 0 0 0
Mn4+ 4.06E-03 147 313 3.53F-03 3.79F-03 433F-03 4.59F-03
Ca2+ 2.50E-02 659 1.40E+03 2.34E-02 241E-02 2.58E-02 2 66E-02
K+ 5.69E-02 1.46E+03 3.12E+03 A 20E-02 c17E-02 G 2800 7 NOE-N2
OH- 8.31 9.31E+04|  1.98E+05 704 796 a0 268
NO3- 3.72 1.52E+05 3.24E+05 351 361 382 3.93
NO2- 2.17 6.57E+04|  1.40E+05 170 100 2.46 oEy
CO32- 0.452 1.79E+04|  3.81E+04 0.417 0434 0470 0 481
PO43- 8.17E-02 5.11E+03 1.09E+04 £08F-02 Z 4oE-02 27002 Q40F-02
S042- 0.252 1.59E+04 3.40E+04 0197 0220 0 289 0292
Si (as Si032-) 8.37E-02 1.55E+03 3.30E+03 Z.61F-02 7.98F-02 8 76F-02 9.13F-02
F- 5.89E-02 737 1.57E+03 404E-02 523302 AE0E-02 Z 42602
Cl- 0.204 4.76E+03 1.02E+04 0172 0187 0210 0215
C6H5073- 2.92E-02 3.64E+03 7.76E+03 2 65E-02 2 76E-Q2 3 09E-Q2 3 36F-02.
EDTA4- 3.17E-02 6.02E+03 1.28E+04 1 02E-02 2 NRE-02 A 27E-02 C 3GE.02
HEDTA3- 5.68E-02 1.03E+04 2.19E+04 1.40E-02 3.49E-02 7 88E-02 0.100
glycolate- 0.114 5.65E+03]  1.20E+04 7 16E-Q2 9 25E.Q0 0136 0158
acetate- 2.14E-02 831 1.77E+03 1.60E-02 1.88E-02 2.41E-02 2.84E-Q2
oxalate2- 2.52E-05 1.46 3.11 225E.08 2233r.05 2 6AE-05 2 70E.05
DBP 2.37E-02 3.28E+03| 7.00E+03 1.95E-02 213F-02 2 G3F-02 301E-02
butanol 2.37E-02 1.16E+03 2.47E+03 1.95E-02 2 13E-02 2. 63F-02 3.01E-02
NH3 5.22E-02 585] 1.25E+03 4.36F-02 A70F-02 5.88F-02 6 6E-02
Fe(CN)64- 0 0 0 0 Q0 0] 0

*Unknownsin tank solidsinventory are assigned by Tank Layering Model (TLM).
TWater wit% derived from the difference of density and total dissolved species.
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HDW Model Rev. 4

Single-Shell Tank 241-A-103

Total Inventory Estimater

05 Cl R7CI +R7CI +05 (|
Totd Waste 2.13E+06 (kg) (371 kgal)
Heat L oad 3.57 (kW (1.22E+04 BTU/hr) 3.30 3.45 3.68 3.84
Bulk Densityt 152 (g/cc) 1.46 1.49 154 154
Water wt%t 40.2 377 385 417 437
TOC wi% C (wed)t 1.28 0.711 0.989 1.56 1.84
Radiological
LConctituants Cill uCila fadi Qe ol (il vl alliali Y N ~wilal el RY Q0 Ccl ol
H-3 2.13E-04 0.141 300 1.45E-04 1.45E-04 2.30E-04 2.51E-04
c.14 3.38E-05 2.22E-02 47.4 1.96E-05 1.96E-05 3.44E-05 3.51E-05
Ni-50 2.60E-06 1.71E-03 3.66 1.94E-06 1.94E-06 2.64E-06 2.67E-06
Ni-63 2.56E-04 0.169 360 1.90E-04 1.90E-04 2.60E-04 2.63E-04
Co-60 4.32E-05 2.85E-02 0.7 2.70E-05 2.70E-05 4.44E-05 457E-05
1Se-79 3.72E-06 2.45E-03 5.22 2.81E-06 2.81E-06 4.04E-06 4.36E-06
S-90 0.203 133] 284E+05 0.194 0.200 0205 0207
V.90 0.203 133|  2.85E+05 0.171 0.171 0.205 0.207
7193 1.80E-05 1.19E-02 25.3 1.35E-05 1.35E-05 1.97E-05 2.12E-05
Nb-93m 1.32E-05 8.72E-03 186 1.01E-05 1.01E-05 1.44E-05 1.55E-05
Tc-99 2.58E-04 0.170 362 2.00E-04 2.26E-04 2.93E-04 3.42E-04
Ru-106 7.67E-09 5.05E-06 1.08E-02 5.57E-09 5.57E-09 8.30E-09 9.08E-09
Cd-113m 9.15€-05 6.03E-02 129 6.43E-05 6.43E-05 L01E-04 L11E-04
Sh-125 1.94E-04 0.128 273 1.22E-04 1.22E-04 2.01E-04 2.08E-04
Sn-126 5.66E-06 3.73E-03 7.94 4.30E-06 4.30E-06 6.15E-06 6.62E-06
1-129 4.98E-07 3.28E-04 0.699 3.86E-07 4.36E-07 5.67E-07 6.61E-07
Cs134 3.80E-06 2.50E-03 5.33 2.18E-06 2.97E-06 4.63E:06 5.44E-06
Cs137 0.252 166] 3.54E+05 0.220 0.234 0.268 0.293
Ba-137m 0.239 157]  3.35E+05 0.193 0.193 0.253 0.267
Sm-151 1.32E-02 8.69 1.85E+04 1.00E-02 1.00E-02 1.43E-02 1.54E-02
Eu-152 5.10E-06 3.36E-03 7.17 3.95E-06 3.98E-06 5.70E-06 6.28E-06
Eu-154 6.72E-04 0.443 944 4.46E-04 4.46E-04 7.54E-04 8.13F-04
Eu-155 3.10E-04 0.204 435 2.39E-04 2.43E-04 3.46E-04 3.82E-04
IR3-206 1.83€-10 1.20E-07 2.57E-04 1.55E-10 1.55E:10 1.93F-10 2.03F-10
Ra 208 3.51E-07 2.31E-04 0.493 9.10E-08 9.10E-08 3.83E-07 4,18E-07
AC207 1.08E-09 7.10E-07 151E-03 9.15E-10 9.15E-10 1.14E-09 1.19E-09
Pa-231 4.19E-09 2.76E-06 5.88E-03 3.28E-09 3.28E-09 4.52E-09 4.83E-09
Th-229 8.14E-09 5.36E-06 114E-02 2.14E-09 2.14E-09 8.85E-00 9.61E-09
Th-232 3.80E-08 2.50E-05 5.34E-02 5.88E-09 5.88E-09 4.68E-08 5.52E-08
U-230 1.04E-06 6.82E-04 145 7.91E-07 8.80E-07 1.20E-06 1.38E-06
1J-233 3.97E-06 2.61E-03 5.57 3.03E-06 3.41E-06 4.61E-06 5.29E-06
J-234 6.32E-07 4.16E-04 0.887 6.12E-07 6.24E-07 6.40E-07 6.47E-07
U-235 2.50E-08 1.65E-05 3.51E-02 2.42E-08 2.47E-08 2.53E-08 2.56E-08
U-236 2.04E-08 1.34E-05 2.86E-02 1.98E-08 2.01E-08 2.06E-08 2.00E-08
U-238 8.86E-07 5.84E-04 124 8.67E-07 8.78E-07 8.94E-07 9.26E-07
ND-237 8.94E-07 5.80F-04 1.25 7.07E-07 7.90E-07 1.01E-06 L17E-06
pu-238, 1.36E-06 8.98E-04 1.92 1.16E-06 1.26E-06 1.47E-06 1.57E-06
P-239 4,53E-05 2.98E-02 63.6 4,01E-05 4,26E-05 4,79E-05 5.05E-05
Pu-240 7.83E-06 5.16E-03 110 6.86E-06 7.33E-06 8.32E-06 8.79E-06
pu-241 9.49E-05 6.25E-02 133 8.10E-05 8.78E-05 1.02E-04 1.00E-04
Pu-242 5.18E-10 3.41E-07 7.27E-04 4.35E-10 4.76E-10 5.60E-10 6.01E-10
Am-241 6.77E-05 4.46E-02 9.1 5.81E-05 6.28E-05 7.27E-05 7.74E-05
Am-243 2.39E-09 1.58E-06 3.36E-03 2.00E-09 2.18E-09 2.64E-09 2.85E-09
Cm-242 1.65E-07 1.09E-04 0.232 1.19E-07 1,19E-07 1.88E-07 2.10E-07
Cm-243 1.49E-08 9.79E-06 2.09E-02 1.05E-08 1.05E-08 1.69E-08 1.89E-08
cm-244 1.20E-07 7.90E-05 0.168 7.45E-08 7.45E-08 1.35E-07 1.45E-07
-95 Cl -67Cl +67Cl +95 Cl
Tatalg V] [iTallal ko (M _ar o/l (M _ar o/l (M _ar o/l (M _ar g/l
Pu 4.99E-04 (g/L) 0.701 4,01E-04 4,49E-04 5.49E-04 5.97E-04
V] 7.07E-03 L111E+03] 236E+03 6.83E-03 6.97E-03 7.17E-03 7.25E-03

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).
TVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Single-Shell Tank 241-A-104

Taotal |nventary E<timate*

Physical
Pronerties 08 Cl =67 Cl +67 Cl +08 ClI
Total Waste 1.38E+05 (kg) (28.0 kgal)
Hesat Load 895 (kW) (3.06E+04 BTU/hr) 880 887 9.03 910
Bulk Densityt 1.30 (g/cc) 129 120 131 131
Water wt%ot 69.1 68.7 68.9 694 69.7
TOC wit% C (wet 0 0 o 0 0
Chemical -95 CI -67 ClI +67 Cl +95 CI
Condtitiients malell nnm ka (male/l)  (mole/l ) (male/l ) (male/l )
[Nat+ 5.51 9.75E+04 1.34E+04 11 [T C AR 530!
Al3+ 6.85E-02 142E+03 196 6.84FE-02 6.85E-02 6.87E-02 6.88F-02
Fe3+ (total Fe) 1.35 5.79E+04 7.98E+03 134 135 1.35 135
Cr3+ 1.39E-02 557 76.7 138602 139502 140602 141E.02
Bi3+ 9.29E-06 1.49 0.206 7.85E-06 8 56E-06 1.00F-05 1.07E-05
La3+ 0 0 0 0 0 0 0,
Hg2+ 2.91E-07 4.50E-02 6.19E-03 2.62E-07 277607 3.06F-07 321F-07
Zr (as ZrO(OH)2) 3.67E-08 2.58E-03 3.55E-04 3 64E-08 3 65E-08 3.69F-08 372E-08
Pb2+ 4.77E-05 7.60 1.05 2 ooE oo 2 cor oo 5.85E.08 sl = |
Ni2+ 0.138 6.22E+03 856 0134 0137 0138 0.139
Sr2+ 0 0 0 0 (o] 0 0
Mn4+ 2.13E-03 90.2 12.4 148503 1.80r.03 247E.03 279503
Caz2+ 0.121 3.73E+03 514 0102 0111 0131 0.140]
K+ 6.23E-03 187 25.8 617603 A20E-03 A27E-03 632603
OH- 4.63 6.05E+04 8.34E+03 461 462 464 4.65
NO3- 1.57E-09 7.47E-05 1.03E-05 1.13F-09 1.33F-09 1.85E-09 2.17E-00
NO2- 0.631 2.23E+04 3.07E+03 N a1 0 R24 N a2 0 G20
CO32- 0.231 1.06E+04 1.47E+03 0212 0221 0240 0.249
PO43- 1.88E-02 1.37E+03 189 1.86E-02 1.87FE-Q2 1.89F-Q2 191E-Q2
S042- 6.68E-02 4.94E+03 680 662E-00 GG5E-02 S72E-00 8 77E-00
Si (as SiO32-) 2.21 4.77E+04 6.58E+03 200 213 299 226
F- 3.12E-04 4.56 0.628 2092E.04 208504 214E-04 216604
Cl- 157E-02 427 58.8 1.55E-02 1.56E-02 158F-Q2 1.50F-02
C6H5073- 0 0 0 Q Q 0
EDTA4- 0 0 n n n N
HEDTA3- 0 0 0 0 0 0 0
glycolate- 0 0 0 o) Q Q Q
acetate- 0 0 0 0 0 0 0
oxalate2- 0 0 0 0 Q Q 0
DBP 0 0 0 o a a q
butanol 0 0 0 0 0 0 0
NH3 0.200 2.62E+03 361 0.197 0.199 0.203 0.206
Fe(CN)64- 0 0 0 0 0 0 0

*Unknowns in tank solids inventory are assigned by Tank Layering Modd (TLM).

TWater wt% derived from the difference of density and total dissolved species.
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HDW Model Rev.

IS

Single-Shell Tank 241-A-104

Total Inveniory Esfimater

IDhvcical Dranertiog

=08 _Cl|

87 Cl

087 Cl

408 ()

Totd Waste 1.38E+05 (kg) (28.0 kgal)
Heat L oad 8.95 (kW) (3.06E+04 BTU/hr) 8.80 8.87 9.03 9.10
Bulk Densityt 1.30 (g/cc) 1.29 1.30 131 131
Water wt%t 69.1 68.7 68.9 69.4 69.7
TOC wt% C (wet) T 0 0 0 0 0
Radiological
LConctituants il uCilo fali (o~ al I et IAY vl allial Y vl al el 4QC Loy
H-3 5.72E-06 4.40E-03 0.606 4.97E-06 5.30E-06 6.26E-06 6.88E-06
Cc-14 1.11E-05 8.55E-03 118 1.09E-05 1.10E-05 1.12E-05 1,13E-05
Ni-59 1.12E-04 8.58E-02 118 1.07E-04 1.09E-04 1.14E-04 1.17E-04
Ni-63 1.09E-02 8.41 1.16E+03 1.05E-02 1.07E-02 1.12E-02 1.14E-02
Co-60 L12F-05 8.58E-03 118 L.10F-05 L11E-05 L12F-05 L17E-05
Se-79 5.04E-05 3.88E-02 5.34 4.15E-06 1.85E-05 8.24E-05 1.13E-04
S:90 124 950E+03| 1.31E+06 121 123 125 126
V.90 12.4 9.51E+03]  1.31E+06 12.1 12.3 12.5 12.6
.93 2.11E-04 0.163 22.4 1.86E-05 5.17E-05 3.71E-04 5.24E-04
Nb-93m 1.92E-04 0.148 20.3 1.57E-05 8.02E-05 3.04E-04 4.11E-04
Tc-99 7.83E-05 6.02E-02 829 7.69E-05 7.76E-05 7.90E-05 7.96E-05
Ru-106 1.25E-08 9.63E-06 1.33E-03 4.06E-09 4.15E-09 7.05E-08 1.26E-07
Cd-113m L44E-04 0.111 153 5.00E-05 511E-05 1.04E-03 1.96E-03
Sh-125 4.15E-05 3.19E-02 4.39 4.11E-05 4.13E-05 4.17E-05 4.21E-05
Sn-126 8.22E-05 6.32E-02 8.71 6.58E-06 3.43E-05 1.30E-04 1.76E-04
1129 1.51E-07 1.16E-04 1.60E-02 1.49E-07 1.50E-07 1.53E-07 1.54E-07
Cs134 1.88E-06 1.45€-03 0.200 1.87E-06 1.87E-06 1.80F-06 1.91E-06
Cs:137 0.261 201| 2.77E+04 0.257 0.259 0.264 0.266
Ra137m 0.247 190 2.62E+04 0.243 0.245 0.249 0.251
Sm-151 0.193 149| 2.05E+04 1.53E-02 8.18E-02 0.305 0.413
Eu-152 7.41E-05 5.70E-02 7.85 7.41E-05 7.41E-05 7.41E-05 7.41E-05
Fu-154 2.39E-04 0.184 253 2.26E-04 2.30E-04 2.48E-04 6.21E-03
Eu-155 4.84E-03 373 513 4.84E-03 4.85E-03 4.85E-03 4.85E-03
IRa-226 7.22E-09 5.55E-06 7.65E-04 5.28E-09 6.23E-09 8.21E-09 9.16E-09
Ra 208 8.00E-10 6.16E-07 8.48E-05 8.00E-10 8.00E-10 8.01E-10 8.01E-10
AC-227 3.76E-08 2.89E-05 3.99E-03 2.66E-08 3.20E-08 4,32E-08 4,86E-08
Pa-231 5.17E-08 3.98E-05 5.48E-03 4.50E-09 2.06E-08 8.29E-08 1.13E-07
Th-229 3.71E-10 2.85E-07 3.93E-05 3.71E-10 3.71E-10 3.71E-10 3.71E-10
Th-232 8.63E-11 6.64E-08 9.15E-06 8.55E-11 8.50E-11 8.68E-11 8.76E-11
1-232 5.07E-08 3.90E-05 5.37E-03 4.56E-08 4.81E-08 5.33F-08 5.58E-08
-233 1.96E-07 1.51E-04 2.08E-02 1.77E-07 1.86E-07 2.06E-07 2.16E-07
1J-234 1.58E-07 1.21E-04 1.67E-02 1.46E-07 1.52E-07 1.64E-07 1.70E-07
U-235 6.53E-09 5.03E-06 6.92E-04 6.06E-09 6.29E-09 6.78E-09 7.02E-09
U-236 4.32E-09 3.32F-06 4.58E-04 3.98E-09 4.15E-09 4.50E-09 4.66E-00
U-238 1.52E-07 117E-04 1.61E-02 1.41E-07 1.47E-07 1.58E-07 1.63E-07
Np-237 2.48E-07 1.90E-04 2.62E-02 2.42E-07 2.45E-07 2.50E-07 2.53E-07
py-238 2.78E-06 2.14E-03 0.295 2.54E-06 2.70E-06 2.86E-06 2.93E-06
p-239 1.47E-04 0.113 156 1.32E-04 1.42E-04 1.53E-04 1.57E-04
Pu-240 2.30E-05 1.77E-02 2.44 2.07E-05 2.22E-05 2.38E-05 2.45E-05
py-241 2.03E:04 0.156 215 1.85E-04 1.97E-04 2.00E-04 2.14E-04
Pu-242 8.83E-10 6.79E-07 9.36E-05 8.18E-10 8.62E-10 9.05E-10 9.25E-10
Am-241 1.65E-03 127 175 7.136-04 L17E-03 213603 2.50E-03
Am-243 3.50E-08 2.76E-05 3.80E-03 1.61E-08 2.60E-08 4,54E-08 5.41E-08
Cm-242 1.76E-06 1.35E-03 0.187 1.76E-06 1.76E-06 1.76E-06 1.76E-06
Cm-243 9.74E-08 7.50E-05 1.03E-02 9.75E-08 9.75E-08 9.75E-08 9.75E-08
Cm-244 7.60E-07 5.85E-04 8.06E-02 9.50E-08 9.67E-08 1.92E-06 3.04E-06
-95 Cl -67Cl +67Cl +95 Cl
Totals M [iTallal ko (M or oll ) (M or all ) (M or oll ) (M or oll )
Pu 1.50E-03 (g/L 0.158 1.23E-03 1.41E-03 1.58E-03 1.66E-03
V] 191F-03 350 483 1.78F-03 1.84F-03 1.99F-03 2.06E-03

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).
TVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Single-Shell Tank 241-A-105

Taotal Inventory Egtimate*

Physical
Praonerties 08 ClI =67 Cl +67 Cl +08 ClI
Tota Waste 9 GZE+04 (k) (190kgal)
Heat Load 8.05 (kW) (2 75F+04 BTU/hr) 7.08 777 822 835
Bulk Densityt 1.34 (g/cc) 119 129 138 140}
Water wt%ot 61.5 576 593 65.0 717
TOC wt% C (w 0 0 0 0 0
Chemical -95 ClI -67 ClI +67 ClI +95 ClI
Congtituents mole/l pom ka (male/l)  (mole/l)  (male/l)  (male/l)
Na+ 4.03 6.89E+04 6.66E+03 0.428 2.83 478 533
Al3+ 0 0 0 0 Q Q Q
Fe3+ (total Fe) 2.96 1.23E+05 1.19E+04 286 293 297 298
Cr3+ 6.51E-03 252 24.3 2.46F-03 4.49F-03 8.54F-03 1.05F-02
Bi3+ 0 0 0 0 0 0 )
La3+ 0 0 0 a 0 0 9
Hg2+ 0 0 0 0 0 0 0
Zr (as ZTO(OH)Z) 0 0 0 0 0 Q0 0
Pb2+ 0 0 0 0 (o] 0 0
Ni2+ 5.82E-02 2.54E+03 246 123602 245602 A.00E-02 Z 66E-02
Sr2+ 0 0 0 0 0 0 0
Mn4+ 0 0 0 0 Q 0 0
Caz+ 0.243 7.25E+03 701 5 58E.03 0128 0302 0335
K+ 4.59E-03 133 129 1.74E-03 317FE-03 6.02F-03 Z41F-03
OH- 9.14 1.16E+05 1.12E+04 8 G4 897 926 9234
NO3- 6.17E-17 2.85E-12 2.75E-13 Z232E13 106E-17 2R1E.18 5 RoE 15
NO2- 0.587 201E+04 | 1.94E+03 0292 0.405 0771 0048
CO32- 0.243 1.09E+04 1.05E+03 5 653F-03 0.125 0.302 0.335
PO43- 0 0 0 Q ) ] Q
S042- 0.129 9.23E+03 892 4.89F-02 8.91F-02 0170 0209
Si (as Si032) 1.52 3.18E+04 |  3.08E+03 2 83F.00 108 178 104
F 0 0 0 0 0 0 0
Cl- 2.11E-02 556 53.8 7.98F-03 1.46E-02 277E-Q2 341E-02
C6H5073- 0 0 o) 0 0 0
EDTA4- 0 0 0 0 0 0
HEDTA3- 0 0 0 0 Q0 Q 0
glycolate- 0 0 0 0 0 0 0
acetate- 0 0 0 0 0 0 0
oxalate2- 0 0 0 0 Q Q Q
DBP 0 0 0 a 0 0 a
butanol 0 0 0 o] o) 0 0
NH3 0.270 3.41E+03 330 0106 0190 0352 0431
Fe(CN)64- 0 0 0 0 Q Q 0

*Unknownsin tank solids inventory are assigned by Tank Layering Model (TLM).

TWater wt% derived from the difference of density and total dissolved species.
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HDW Model Rev. 4

Single-Shell Tank 241-A-105

Total Inventary Estimate*

|IDhyvcical Pronertiog =08 _(Cl| =87 Cl 87 C1 +058 _CJ
Total Waste 9.67E+04 (kq) (19.0 kgal)
Heat | oad 8.05 (kW) (2.75E+04 BTU/hr) 7.08 7.77 8.22 8.35
Bulk Densityt 1.34 (g/cc) 119 1.29 1.38 1.40
Water wt%t 615 57.6 59.3 65.0 717
TOC wt% C (wet)t 0 0 0 0 0
Radiological
Conditients Cill LCiln Ci _05 CI (Cill) B7C1 (Cill +R7 C1 (Cill +05 Cl (Cill )
H-3 1.28F-04 9.50E-02 9.18 L.76E-05 5.96E-05 2.22E-04 3.38E-04
C14 2.38E-05 177E-02 171 9.00E-06 1.64E-05 3.12E-05 3.84E-05
Ni-50 1.18E-04 8.77E-02 8.48 2.49E-06 7.00E-05 1.42E-04 1.55E-04
Ni-63 1.18E-02 8.81 852 2.50E-04 7.03E-03 1.42E-02 1.56E-02
Co-60 3.28E-05 2.44E-02 2.36 1.24E-05 2.26E-05 4.30E-05 317604
Se79 1.12E-04 8.30E-02 8.02 1.02E-05 8.53E-05 1.29E-04 1.47E-04
SL-90 16.2 1.20E+04) 1.16E+06 145 157 16.4 165
v-90 16.2 1.20E+04|  1.16E+06 14.5 15.7 16.4 16.5

93 5.12E-04 0.381 36.8 9.11E-06 3.81E-04 6.02E-04 6.87E-04
Nb-93m 3.85E-04 0.286 27.7 3.00E-05 2.93E-04 4.47E-04 5.07E-04
Ic-99 1.69E-04 0.125 121 6.38E-05 1.16E-04 2.21E:04 2.72E:04
Ru-106 3.826-07 284E-04| 275602 1.29E-07 3.16E-07 4.27E-07 4.70E-07
Cd-113m 2.20E-03 1.63 158 4.41E-05 1.41E-03 2.73E-03 3.25E-03
Sb-125 1.47E-04 0.110 106 5.57E-05 1.02E-04 1.93E-04 2.38E-04
Sn-126 1.74E-04 0.129 125 2.20E-05 1.356-04 2.01E:04 2.27E:04
1:129 3.26E-07 2.43E-04 2.356-02 1.23E-07 2.25E-07 4.28E-07 5.27E-07
Ce134 7.82E-06 5.81E-03 0.562 2.96E-06 5.39E-06 1.03E-05 1.26E-05
Cs.137 0.622 463| 4.47E+04 0.235 0.429 0.816 1.00
Ba-137m 0.588 438] 4.23E+04 0.223 0.406 0.772 0.950
Sm-151 0.416 300] 299E+04 6.12E-02 0.324 0.478 0.538
Eu-152 1.27E-04 9.44E-02 9.13 1.25E-04 1.26E-04 1.28E-04 1.20E-04
Eu-154 7.32E-03 5.44 526 2.36E-04 7.46E-04 1.18E-02 1.61E-02
Eu-155 9.46E-03 7.03 680 9.28E-03 9.37E-03 9.55E-03 9.64E-03
|Ra-226 7.40E-09 5.51E-06 5.32E-04 4.26E-09 6.59E-09 7.96E-09 8.49E-09
|Ra-228 6.60E-14 4.98E-11 4.81E-09 6.57E-14 6.63E-14 6.76E-14 6.82E-14
Ac-207 3.99E-08 2.97E-05 2.87E-03 2.17E-08 3.52E-08 4.31E-08 4.62E-08
Pa.231 8.98E-08 6.68E-05 6.46E-03 1.67E-09 6.36E-08 1.08E-07 1.25E-07
Th-229 1.04E-11 7.77E-09 7.51E-07 1.03E-11 1.04E-11 1.06E-11 1.06E-11
Th-232 6.04E-15 4.49E-12 4.34E-10 2.28E-15 417E-15 7.93E-15 9.75E-15
U-232 8.40E-12 6.24E-09 6.04E-07 3.18E-12 5.79E-12 L10E-11 1.36E-11
233 1.98E-13 1.47E-10 1.42E-08 7.49E-14 1.37E-13 2.60E-13 3.20E-13
1-234 1.04E-07 7.70E-05 7.44E-03 3.91E-08 7.14E-08 1.36E-07 1.67E-07
U-235 4.32E-09 3.21E-06 3.10E-04 1.63E-09 2.98E-09 5.67E-09 6.97E-09
U-236 2.82E-09 2.10E-06 2.03E-04 1.07E-09 1.95E-09 3.71E-09 4.56E-09
U-238 L01E-07 749E-05| 725603 3.81E-08 6.95E-08 1.32E-07 L63E-07
Np-237 3.60E-07 2.68E-04 2.59E-02 1.36E-07 2.49E-07 4.73E-07 5.82E-07
Pu-238 9.43E-05 7.01E-02 6.78 7.72E-05 8.99E-05 9.73E-05 1.00E-04
Pu-239 2.44E-03 1.82 176 2.00E-03 2.33E:03 2.52E-03 2.60E-03
Pu-240 4.66E-04 0.347 335 3.82E-04 4.44E-04 4.81E-04 4.95E-04
Py-241 6.71E-03 4.99 483 5.50E-03 6.40E-03 6.93E-03 7.13E-03
pLi-242 3.88E-08 2.80E-05 2.79E-03 3.18E-08 3.70E-08 4.01E-08 4.12E-08
Am-241 3.84E-03 2.86 276 2.32E-03 3.45E-03 4.11E-03 4.37E-03
Am-243 1.18E-07 8.77E-05 8.48E-03 7.12E-08 1.06E-07 1.26E-07 1.34E-07
Cm-242 3.51E-06 2.61E-03 0.252 3.44E-06 3.48E-06 3.54E-06 3.58E-06
Cm-243 2.70E-07 2.01E-04 1.94E-02 2.64E-07 2.67E-07 2.72E-07 2.75E-07
Cm-244 8.29E-06 6.17E-03 0.596 3.22E-06 6.98E-06 9.18E-06 1.00E-05

-95 CI -67 Cl +67 Cl +95 CI

Iotalg Vil ualo ko (MM ar all ) (M ar all ) (M ar all ) (M aor all)
Pu 4.14E-02 (g/L) 2.98 3.39E-02 3.95E-02 4.28E-02 4.40E-02
U 1.27E-03 224 217 4.80E-04 8.75E-04 1.66E-03 2.05E-03

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).
tVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Single-Shell Tank 241-A-106

Total Inventory Estimate*

Physical
Properties -95 ClI -67 Cl +67 Cl +95 ClI
Total Waste Z.16E+05 (kQ) (125 kgal)
Heat Load 146 (V)| (4.98F+04 BTU/hr) 745 121 157 163
Bulk Densityt 1.51 (g/cc) 144 148 154 156
Water wt%t 42.3 389 404 444 475
TOC wt% C (wet) 1.53 pagl 112 1a3 221
Chemical -95 ClI -67 ClI +67 Cl +95 ClI
constituents mole/l. pom ka (mole/l) — (mole/l)  (mole/l)  (moale/l)
Nat 11.4 1.74E+05|  1.24E+05 087 10.7 119 194
Al3+ 112 1.99E+04|  1.42E+04 1o 108 115 118
Fe3+ (total Fe) 0.521 1.92E+04 1.38E+04 0 290 0476 0541 0552
Cr3+ 8.93E-02 3.07E+03 | 2.20E+03 767E-Q2 835F-02 9.16F-02 9 45F-02
Bi3+ 8.13E-04 112 80.4 Z.56E-04 Z.84F-04 8.42F-04 870F-04
La3+ 1.79E-05 1.64 117 1.31E-05 1.54E-05 2.03F-05 2.27E-05
Hg2+ 6.15E-06 0.815 0.584 5 85E.08 602E-08 6 23E-08 630E-08
Zr (asZrO(OH)2) 1.25E-04 7.54 5.40 115E-04 118E-04 120E-04 135E-04
Pb2+ 7.70E-04 105 75.5 6 57E-04 Z13E-04 828E-04 28304
Ni2+ 2.71E-02 1.05E+03 753 2 60E-02 270E-02 272E.02 272E.02
Sr2+ 0 0 0 0 Q Q Q
Mn4+ 3.14E-03 114 816 2 65E-03 2 89F-03 339F-03 3 63F-03
Ca2+ 7.02E-02 1.86E+03 1.33E+03 2 86E-02 2 QOE-02 9 28E-(02 0105
K+ 4.61E-02 1.19E+03 852 426F-02 441F-02 4.84F-02 516E-02
OH- 8.07 9.06E+04 6.49E+04 734 787 828 838
NO3- 2.98 1.22E+05 8.75E+04 220 291 302 306
NO2- 1.85 5.62E+04 4.02E+04 164 174 196 2.06
CO32- 0.423 1.68E+04 1.20E+04 0340 0363 0471 0574
PO43- 6.14E-02 3.85E+03 2.76E+03 553002 5 Z4E.02 A35E-02 £63E-02
S042- 0.204 1.29E+04 9.25E+03 0176 0189 0218 0231
Si (as Si032-) 0.849 1.58E+04 1.13E+04 0424 0 GEE 0034 noo4
F- 4.22E-02 530 379 372602 293E.02 ALGEQD AS2E-02
Cl- 0.170 3.98E+03 2.85E+03 0.157 0.164 0177 0182
C6H5073- 1.97E-02 2.46E+03 1.76E+03 1.83E-02 1. 90E-02 2 05E-02 2 14E-02
EDTA4- 4.60E-02 8.75E+03 6.27E+03 1.33F-02 3 01E-02 6.18E-02 Z.37E-02
HEDTA3- 8.89E-02 1.61E+04 1.15E+04 2 30E-()2 5 70E-02 0120 0144
glycolate- 0.130 6.42E+03 4.60E+03 6 42E-02 9 76E-02 0161 0185
acetate- 1.01E-02 393 281 23103 907E-03 112E.02 128E.02
oxalate2- 2.34E-05 1.36 0.975 208E.05 221E.08 247E-08 260608
DBP 1.52E-02 2.11E+03 1.51E+03 1 36E.ND 1 43E.02 1 82E-02 1.7ZE-02
butanol 1.52E-02 744 533 135E.02 143E.02 162602 177602
NH3 0111 1.25E+03 893 7.96E-02 9A47E-02 0126 0132
Fe(CN)64- 0 0 0 0 0 0 0

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).

tWater wt% derived from the difference of density and total dissolved species.
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HDW Model Rev. 4

Single-Shell Tank 241-A-106

Tofal Inventory Efimater

Physical
Pronertiog =08 _Cl =87 Cl +R7C1 +95 _Cl
Total Waste 7.16E+05 (kg) (125 kgal)
Heat L oad 14.6 (kW)| (4.98E+04 BTU/hr 7.45 121 15.7 16.3
Bulk Densityt 151 (g/co) 144 1.48 1.54 1.56
Water wt%t 423 38.9 40.4 44.4 475
TOC wit% C (wet 153 0.681 1.12 1.93 2.21
Radiological
LConctituants il uCilo fadi Qe _Ccl (ol ~wilalllalRY N ~wiallial Y 4QC Ccloin
H-3 1.83E-04 0.121 86.5 1.20E-04 1.20E-04 2.08E-04 2.35E-04
C-14 2.80E-05 1.85E-02 132 1.49E-05 1.49E-05 2.88E-05 3.63E-05
Ni-59 1.62E-04 0.107 76.5 151E-04 1.56E-04 1.67E-04 1.72E-04
Ni-63 1.59E-02 10.5| 7.53E+03 1.49E-02 1.54E-02 1.64E-02 1.69E-02
Co-60 3.45E-05 2.28E-02 163 1.95E-05 1.95E-05 3.62E-05 4.38E-05
Se-79 8.97E-05 5.93E-02 42.5 2.63E-05 5.06E-05 1.20E-04 1.66E-04
S90 438 2.80E+03| 2.07E+06 218 3.60 472 491
v.90 4.38 2.89E+03]  2.07E+06 2.18 3.61 4.72 4.91
.93 3.88E-04 0.256 184 9.90E-05 1.93E-04 5.84E-04 7.71E-04
Nb-93m 3.33E-04 0.220 158 9.01E-05 1.96E-04 4.70E-04 6.01E-04
Tc-99 2.05E-04 0.136 971 1.56E-04 1.80E-04 2.30E-04 2.55E-04
RU-106 6.17E-07 4.07E-04 0.292 4.72E-07 5.82E-07 6.51E-07 6.85E-07
Cd-113m 8.16E-04 0.539 386 9.45E-05 3.99E-04 1.81E-03 2.94E-03
Sh-125 1.56E-04 0.103 73.6 9.06E-05 9.06E-05 1.66E-04 1.73E-04
Sn-126 1.44E-04 9.53E-02 68.3 4.38E-05 8.56E-05 2.03E-04 2.59E-04
1-129 3.96E-07 2.62E-04 0.188 3.02E-07 3.48E-07 4.45E-07 4.92E-07
Cs134 491E-06 3.24E-03 2.32 2.44E-06 3.70E-06 6.10E-06 7.01E-06
Cs:137 0.277 183] 1.31E+05 0.232 0.255 0.299 0.315
IRa137m 0.262 173]  1.24E+05 0.220 0.233 0.283 0.298
Sm-151 0.336 222|  1.59E+05 0.104 0.199 0.473 0.604
Eu-152 8.92E-05 5.89E-02 42.2 8.74E-05 8.81E-05 9.00E-05 9.07E-05
Eu-154 2.24E-03 148] 106E+03 5.10E-04 5.86E-04 5.71E-03 L17E-02
Eu-155 5.52E-03 365] 2.61E+03 5.41E-03 5.46E-03 5.57E-03 5.61E-03
|Ra-226 1.08E-08 7.14E-06 5.11E-03 8.43E-09 9.59E-09 1.20E-08 1.32E-08
|Ra 228 1.77E-07 1.17E-04 8.39E-02 7.56E-08 7.56E-08 2.04E-07 2.33E-07
AC-227 5.61E-08 3.70E-05 2.65E-02 4.23E-08 4,91E-08 6.31E-08 6.99E-08
Pa-231 8.51E-08 5.62E-05 4.02E-02 1.38E-08 4.60E-08 1.24E-07 1.62E-07
Th-229 4.19E-09 2.77E-06 198E-03 1.84E-00 1.84E-09 4.78E-00 5.41E-09
Th-232 1.75E-08 1.15E-05 8.27E-03 4.89E-09 4.89E-09 2.00E-08 2.42E-08
U-232 6.27E-07 414E-04 0.297 4.45E-07 5.34E-07 7.35E-07 8.50E-07
1J-233 2.40E-06 1.59E-03 114 1.71E-06 2.05E-06 2.82E-06 3.26E-06
1234 5.49E-07 3.63E-04 0.260 5.32E-07 5.41E-07 5.58E-07 5.63E-07
U-235 2.21E-08 1.46E-05 1.04E-02 2.14E-08 2.17E-08 2.25E-08 2.27E-08
U-236 1.75E-08 1.16E-05 8.30E-03 1.70E-08 1.73E-08 L.78E-08 L1.80F-08
1-238 6.83E-07 451E-04 0.323 6.66E-07 6.74E-07 6.92E-07 6.99E-07
NO-237 7.20E-07 A76E-04 0.341 5.60E-07 6.38E-07 8.03E-07 8.82E-07
Py-238 1.12E-04 7.38E-02 52.9 7.41E-05 1.04E-04 1.19E-04 1.26E-04
P11-239 3.01E-03 199] 142E+03 2.00E-03 2.76E-03 3.27E-03 3.51E-03
Pu-240 5.59E-04 0.369 264 3.71E-04 5.15E-04 6.02E-04 6.44E-04
Pu-241 7.92E-03 523] 3.75E+03 5.25E-03 7.40E-03 8.44E-03 8.92E-03
Py-242 4.67E-08 3.08E-05 2.21E-02 3.09E-08 4.36E-08 4.94E-08 5.20E-08
Am-241 3.66E-03 242] 173E+03 2.51E-03 3.08£-03 4.05E-03 4.81E-03
Am-243 1.83E-07 1.21E-04 8.65E-02 1.37E-07 1.68E-07 1.96E-07 2.07E-07
Cm-242 3.21E-06 2.12E-03 152 3.14E-06 3.16E-06 3.24E-06 3.26E-06
Cm-243 2.79E-07 1.84E-04 0.132 2.73E-07 2.75E-07 2.82E-07 2.84E-07
Cm-244 1.05E-05 6.92E-03 4.96 7.59E-06 9.79E-06 L.12E-05 1.18E-05
-95 Cl -67Cl +67Cl +95 Cl
Totals M MTallal ka (M or all ) (M or o/l ) (M or o/l ) (M aor a/l )
Pu 5.07E-02 (g/L) 24.0 3.35E-02 4,64E-02 5.49E-02 5.90E-02
0] 6.24E-03 982 703 6.04E-03 6.14E-03 6.36E-03 6.41E-03

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).
TVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Sngle-Shell Tank 241-AX-101

Taotal Inventory E<timate*

Physical
Praonerties -08 CI -7 Cl +67 Cl +95 Cl
Total Waste A35E06 (k) (248 kgal)
Heat Load 10.4 (kW) (3 55E+04 BTU/hr) 910 993 107 11.0
Bulk Densityt 1.54 (g/cc) 147 151 155 156
Water wt%t 38.9 365 373 404 424
TOC wit% C (w 1.30 0721 100 150 187
Chemical -95 CI -67 Cl +67 ClI +95 ClI
Condtituents mole/l pom ka (male/l)  (mole/l)  (male/l)  (male/l )
Na+ 12.2 1.82E+05 7.92E+05 1.0 116 12.7 13.0
Al3+ 1.52 2.68E+04 1.16E+05 1 05 146 1 56 160
Fe3+ (total Fe) 5.29E-02 1.93E+03 8.37E+03 4 89E-02 5 22E-02 5 35E-02 5 41E-02
Cr3+ 0.104 3.54E+03 1.54E+04 9 31E-02 9 87E-02 0110 0118
Bi3+ 1.11E-03 151 654 103603 107603 114E.03 120E-03
La3+ 2.00E-05 181 7.86 1.48E-05 1.73E-05 2.27E-05 2.52E-05
Hg2+ 8.95E-06 1.17 5.08 8.54F-06 8.74F-06 9.15E-06 9.35F-06
Zr (as ZrO(0H)2) 1.32E-04 7.86 34.2 1.22E-04 1.26E-04 1.36F-04 1.42E-04
Pb2+ 1.22E-03 165 718 9.30F-04 107F-03 137F-03 152E-03
Ni2+ 5.31E-03 203 882 A53E-03 400E-03 5 46E-03 585E.03
Sr2+ 0 0 0 0 0 0 0
Mn4+ 4.15E-03 148 645 3.60F-03 387F-03 443F-03 470F-03
Ca2+ 2.86E-02 745 3.24E+03 253E-02 2.70E-02 2.94E.02 2.02E-02
K+ 5.84E-02 1.49E+03 6.47E+03 4.94F-02 532F-Q2 6.45E-02 7.28E-02
OH- 8.64 9.57E+04 4.16E+05 7 24 8.28 8.83 899
NO3- 3.82 1.54E+05 6.71E+05 201 279 203 404
NO2- 2.23 6.68E+04| 2.91E+05 175 108 5 261
CO32- 0.466 1.82E+04 7.91E+04 0.429 0447 0484 0.495
PO43- 8.38E-02 5.19E+03 2.25E+04 Z1ZE-00 ZZ0E-02 R92E-00 9 /400
S042- 0.260 1.62E+04 7.06E+04 0.204 0.227 0.298 0.300
|Si (as Si032-) 9.47E-02 1.73E+03 7.53E+03 7 46E-02 8 87F-02 9 87F-02 0103
F 6.05E-02 749| 3.26E+03 5.00F-02 5.49F-02 6.68E-02 Z61E-02
Cl- 0.210 4.84E+03 2.11E+04 0178 0192 0216 0221
C6H5073- 2.99E-02 3.68E+03 1.60E+04 2 71E-0D 29302 2 18E-02 2 43E-02
EDTA4- 3.26E-02 6.12E+03|  2.66E+04 1 QBE-02 > 1AE-Q0 4 29E-02 |
HEDTAS3- 5.85E-02 1.04E+04 4.54E+04 1 44E-02 3 60E-0Q2 811E-02 0.103
glycolate- 0.117 5.73E+03 2.49E+04 7 DE-02 9 A7E-02 0140 0.162
acetate- 2.18E-02 836 3.64E+03 1.72E-02 1.91E-02 2 46F-02 2.890F-02
oxal ate2- 2.62E-05 1.50 6.52 2233E.08 2 47E.08 2 7608 29008
DBP 2.43E-02 3.32E+03] 1.45E+04 2.00E-02 2.19E-02 2.69E-02 3.08E-02
butanol 2.43E-02 1.17E+03 5.10E+03 2 00E-02 2 19E-02 2. 69F-02 3.08E-02
NH3 5.64E-02 624 2.71E+03 A75E-02 5.10F-02 6.32F-02 Z12E-02
Fe(CN)64- 0 0 0 0 Q Q 0

*Unknownsin tank solids inventory are assigned by Tank Layering Model (TLM).
TWater wt% derived from the difference of density and total dissolved species.
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HDW Model Rev. 4

Single-Shell Tank 241-AX-101

Tofal Inventory Efimater

Physical
Pronertiog a8 _Cl =87 CIl 87 C1 +95 _Cl
Total Waste 4356406 (kg)| askga)]
Heat L oad 10.4 (kW] (3.55E+04 BTU/hr 9.10 9.93 107 11.0
Bulk Densityt 1.54 (g/cc) 147 151 155 1.56
Water wt%t 38.9 36.5 373 40.4 424
TOC wit% C (wet 1.30 0.721 1.00 1.59 1.87
Radiological
LConctituants il uCilo fadl Qo ol (o SZ ol (il N ~wial el 4QC Cl ol
H-3 2.21E-04 0.144 625 L51E-04 151E-04 2.38E-04 2.59E-04
C-14 3.49E-05 2.27E-02 98.7 2.02E-05 2.02E-05 3.55E-05 3.62E-05
Ni-59 5.77E-06 3.75E-03 163 4.19E-06 5.08E-06 6.08E-06 6.26E-06
Ni-63 5.71E-04 0.372] 1.62E+03 4.13E-04 5.03E-04 6.03E-04 6.21E-04
Co-60 4.46E-05 2091E-02 126 2.79E-05 2.79E-05 4.58E-05 4.80E-05
Se-79 6.24E-06 4.07E-03 177 4.80E-06 5.31E-06 6.78E-06 7.30E-06
S-90 0.360 234] 1.02E+06 0313 0.346 0.365 0.369
v.90 0.360 234| 1.02E+06 0.313 0.327 0.366 0.369
.93 2.95E-05 1.92E-02 83.4 2.27E-05 2.48E-05 3.22E-05 3.48E-05
Nb-93m 2.22E-05 1.44E-02 62.8 1.74E-05 1.89E-05 2.41E-05 2.59E-05
Tc-99 2.66E-04 0.173 753 2.07E-04 2.33E-04 3.02E-04 3.51E-04
RU-106 2.34E-08 1.52E-05 6.62E-02 2.00E-08 2.12E-08 2.41E-08 2.48E-08
Cd-113m 1.34E-04 8.76E-02 381 L.05E-04 L06E-04 1.48E-04 1.63E-04
<h.125 2.01E-04 0.131 568 1.26E-04 1.26E-04 2.08E-04 2.15E-04
Sn-126 9.63E-06 6.27E-03 27.3 7.60E-06 8.23E-06 1.04E-05 1.12E-05
1-129 5.14E-07 3.35E-04 145 4.00E-07 451E-07 5.84E-07 6.80E-07
Cs134 3.90E-06 2.60E-03 113 2.33F-06 3.14E-06 4.85E-06 5.68E-06
Cs:137 0.266 173] 7.54E+05 0.234 0.248 0.283 0.308
IRa137m 0.252 164] 7.13E+05 0.205 0.205 0.267 0.281
Sm-151 2.26E-02 14.7] 6.39E+04 1.78E-02 1.93E-02 2.45E-02 2.63E-02
Eu-152 7.56E-06 4.93E-03 21.4 6.38E-06 6.41E-06 8.17E-06 8.77E-06
Eu-154 8.14E-04 0.530] 230E+03 5.80E-04 5.80E-04 8.98E-04 9.57E-04
Eu-155 4.80E-04 0.313] 136E+03 4.08E-04 4.12E-04 5.18E-04 5.54E-04
|Ra-226 3.91E-10 2.55E-07 111E-03 3.49E-10 3.62E-10 4.08E-10 4.24E-10
IRa 208 3.50E-07 2.34E-04 102 9.39E-08 9.30E-08 3.92E-07 4.28E-07
Ac-227 2.18E-09 1.42E-06 6.17E-03 1.94E-09 2.01E-09 2.28E-09 2.37E-09
Pa-231 6.34E-09 4.13E-06 1.80E-02 5.16E-09 5.41E-09 6.88E-09 7.40E-09
Th-229 8.32E-09 5.42E-06 2.35E-02 2.20E-09 2.20E-09 9.05E-09 9.83E-09
Th-232 3.88E-08 2.53E:05 0.110 6.06E-09 6.06E-09 A77E-08 5.63E-08
U-232 1.06E-06 6.90E-04 3.00 8.12E-07 9.11E-07 1.23F-06 L41F-06
1-233 4,06E-06 2.65E-03 115 3.11E-06 3.49E-06 4.71E-06 5.41E-06
1234 6.50E-07 4.24E-04 184 6.30E-07 6.42E-07 6.59E-07 6.66E-07
U-235 2.57E-08 1.68E-05 7.29E-02 2.49E-08 2.54E-08 2.61E-08 2.64E-08
U-236 2.10E-08 1.37E-05 5.94E-02 2.04E-08 2.07E-08 2.12E-08 2.15E-08
1-238 9.10E-07 5.93E-04 2.58 8.91E-07 9.02E-07 9.18E-07 9.51E-07
NO-237 9.20E-07 5.99E-04 2.60 7.29E-07 8.14E-07 L.04F-06 1.20E-06
Py-238 4.56E-06 2.97E-03 12.9 3.90E-06 4.43E-06 4.66E-06 4.77E-06
P11-239 1.30E-04 8.46E-02 368 1.12E-04 1.27E-04 1.33E-04 1.35E-04
Pu-240 2.37E-05 1.54E-02 67.1 2.05E-05 2.31E-05 2.42E-05 2.47E-05
Pu-241 3.21E-04 0.209 910 2.75E-04 3.12E-04 3.20E-04 3.36E-04
Py-242 1.84E-09 1.20E-06 5.22E-03 1.57E-09 1.79E-09 1.89E-09 1.93E-09
Am-241 L65E-04 0107 466 L44E-04 L57E-04 1.73E-04 181E-04
Am-243 6.74E-09 4.39E-06 1.91E-02 5.95E-09 6.52E-09 6.99E-09 7.20E-09
Cm-242 2.48E-07 1.62E-04 0.703 2.01E-07 2.01E-07 2.71E-07 2.94E-07
Cm-243 2.22E-08 1.45E-05 6.28E-02 1.77E-08 1.77E-08 2.43E-08 2.63E-08
Cm-244 4.04E-07 2.63E-04 115 3.37E-07 3.58E-07 4.20E-07 4.30E-07
-95 Cl -67Cl +67Cl +95 Cl
Totals M uala ka (M ar all ) (M ar o/l ) (M ar o/l ) (M ar a/l )
Pu 1.93E-03 (g/L) 5.47 1.64E-03 1.88E-03 1.99E-03 2.03E-03
0] 7.28E-03 113E+03] 4.91E+03 7.04E-03 7.18E-03 7.39E-03 7.47E-03

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).
TVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Single-Shell Tank 241-AX-102

Total Inventory Estimate*

Physical
Properties -95 ClI -67 Cl +67 Cl +95 ClI
Total Waste 2 29E+05 (kq) (39.0kgal)
Heat L oad 1.33 (W) (454E+03 BTU/Ir) 0272 0659 159 173
Bulk Densityt 1.55 (g/cc) 151 153 158 159
Water wt%t 38.1 362 368 391 403
TOC wt% C (wet 0.983 o o 0533 0779 119 138
Chemical -95 CI -67 ClI +67 Cl +95 ClI
constituents mole/l. pom kg (mole/lY)  (mole/l)  (mole/l)  (mole/l)
Na+ 12.2 1.81E+05 4.15E+04 115 11.8 128 131
Al3+ 1.61 2.79E+04 |  6.39E+03 144 157 1 a5 1 a8
Fe3+ (total Fe) 0.211 7.59E+03 1.74E+03 2 20E-02 0171 0227 0235
Cr3+ 0.111 3.72E+03 852 9587F-02 0104 0114 0119
Bi3+ 1.06E-03 142 32.6 9.88F-04 1.02F-03 1.00F-03 1.13F-03
La3+ 2.20E-05 1.97 0.452 1.61E-05 1.90F-05 251E-05 2.80E-05
Hg2+ 8.09E-06 105 0.239 Z 72E.08 Z93E.08 R21E.08 233F.08
Zr (asZrO(OH)2) 1.55E-04 9.08 2.08 142E-04 1 46E-04 1 60E-04 167E-04
Pb2+ 1.04E-03 138 3L7 R BEE-04 9 44E-04 113E-02 122E-02
Ni2+ 1.28E-02 483 111 Z35E.03 Z51E.03 2 68E-02 240E-02
Sr2+ 0 0 0 0 0 Q Q
Mn4+ 3.68E-03 130 29.8 3.07F-03 337F-03 3.99F-03 429F-03
Caz+ 6.52E-02 1.68E+03 386 3 65E-02 373F-02 0135 0171
K+ 5.59E-02 1.41E+03 323 5.04F-02 527E-02 5.97E-02 6.47E-02
OH- 9.45 1.04E+05 2.37E+04 865 920 971 934 ]
NO3- 4.00 1.60E+05 3.66E+04 378 3.90 432 413
NO2- 2.14 6.35E+04 1.45E+04 185 197 232 241
CO32- 0.447 1.73E+04 3.96E+03 0414 0419 0517 0553
PO43- 7.84E-02 4.80E+03 1.10E+03 Z.00E.02 Z35E.02 217E.02 261E.02
SO042- 0.232 1.44E+04 3.29E+03 0108 0212 0255 0264,
Si (as Si032-) 0.223 4.04E+03 925 A 47E-02 677602 n4ss 0850
F 5.56E-02 681 156 AQGE-02 S21E.02 S.04E.02 S.51E.02
Cl- 0.205 4.68E+03 1.07E+03 0185 0.194 0.212 0218
C6H5073- 2.78E-02 3.38E+03 775 2 COE-O2 2 GSE-02 2 88E_()2 2 05E-02
EDTA4- 2.28E-02 4.24E+03 971 Z.45E-03 1.50F-02 3.08F-02 385E-02
HEDTA3- 4.10E-02 7.24E+03 1.66E+03 1.02E-02 2 52E-02 5.68E-02 7.23E-02
glycolate- 9.43E-02 4.56E+03 1.04E+03 G 25E-02 7 86E-02 0110 0126
acetate- 1.50E-02 571 131 122802 123402 167E-02 104E.02
oxalate2- 2.89E-05 164 0.375 257E.08 2 72E.08 20508 2321E.08
DBP 2.06E-02 2.80E+03 640 180E-02 102602 222E.02 2 46E-02
butanol 2.06E-02 986 226 180E-02 102602 222E.02 2 46E-02
NH3 6.50E-02 712 163 551E-02 5.90F-02 7.26E-02 815E-02
Fe(CN)64- 0 0 0 a a 9 0

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).
TWater wt% derived from the difference of density and total dissolved species.
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HDW Model Rev. 4

Single-Shell Tank 241-AX-102

Total lnveniory Estimate*

Physical
Pronertieg =08 _Cl =87 Cl +87C1 +08 _Cl
Totd Waste 2.29E+05 (kg) (39.0 kgal)
Heat L oad 1.33 (kW)|  (4.54E+03 BTU/hr 0.272 0.659 1.59 173
Bulk Densityt 1.55 (g/cc) 151 153 158 1.59
Water wt%t 38.1 36.2 36.8 39.1 40.3
TOC wit% C (wetj 0.983 0.583 0.779 1.19 1.38
Radiological
Congfituents Cill uCiln Ci 05 CI(CiN) BZCL(CiNN LRZCI(CINY 405 CI(Ci/l)
H-3 2.19E-04 0.141 32.4 1.41E-04 1.41E-04 2.31E-04 2.46E-04
Cc-14 3.45E-05 2.23E-02 5.10 1.82E-05 1.82E-05 3.52E-05 3.59E-05
Ni-50 1.06E-05 6.84E-03 157 1.83E-06 2.07E-06 3.34E-05 451E-05
Ni-63 1.09E-03 0.704 161 1.79E-04 2.05E-04 3.46E-03 4.67E-03
Co-60 4.48E-05 2.80E-02 6.61 2.61E-05 2.61E-05 4.65E-05 3.16E-04
Se 70 3.58E-05 2.31E-02 5.29 3.20E-06 3.45E-06 5.42E-05 7.18E-05
.90 1.16 749 1.72E+05 0.101 0.488 1.43 1.56
Y-90 1.16 750 L.72E+05 0.101 0.488 1.43 1.56
93 1.58E-04 0.102 233 1.58E-05 1.69E-05 2.50E-04 3.38E-04
Nb-93m 1.06E-04 6.83E-02 15.6 1.13E-05 1.22E-05 1.70E-04 2.32E-04
Tc.99 2.55E-04 0.165 37.7 1.94E-04 2.24E-04 2.87E-04 3.17E-04
RU-106 3.96E-06 2.55E-03 0.585 3.20E-06 3.86E-06 4.01E-06 4.05E-06
Cd-113m 7.95E-04 0.513 17 8.54E-05 9.21E-05 1.35E-03 1.87E-03
Sh-125 2.09E-04 0.134 30.8 1.28E-04 1.28E-04 2.19E-04 2.20E-04
Sn-126 5.65E-05 3.64E-02 835 4.84E-06 5.22E-06 8.41E-05 111E-04
1-129 4.93E-07 318E-04| 728502 3.75E-07 4.33E-07 554E-07 6.13E-07
Cs134 3.41E-06 2.20E-03 0.504 2.25E-06 2.82E-06 4.01E-06 4.60E-06
Cs137 0.252 163] 3.73E+04 0.230 0.241 0.264 0.278
IBa-137m 0.239 154) 3.52E+04 0.203 0.203 0.250 0.260
Sm-151 0.105 679] 155E+04 1.12E-02 1.21E-02 0.170 0.231
Eu-152 1.43E-04 9.19E-02 211 1.41E-04 1.41E-04 1.43E-04 1.43E-04
Eu-154 1.12E-02 7.23] 1.66E+03 6.24E-04 1.29E-03 1,58E-02 2.02E-02
E1-155 6.95E-03 4.48| 103E+03 6.87E-03 6.87E-03 6.98E-03 7.00E-03
Ra-226 1.58E-09 1.02E-06 2.34E-04 1.27E-10 3.53E-10 2.15E-09 2.70E-09
IRa-228 2.57E-07 1.66E-04 3.79E-02 9.51E-08 9.51E-08 2.91E-07 3.27E-07
AC-207 Z.70E-09 4.96E-06 114E-03 7.88E-10 8.36E:10 1.10E-08 1.42E-08
Pa-231 4.00E-09 258E-06] S591E-04 2.96E-09 2.96E-09 2.24E-08 4.00E-08
Th-229 5.98E-09 3.85E-06 8.82E-04 2.24E-09 2.24E-09 6.72E-09 7.51E-09
Th-232 2.62E-08 1.69E-05 3.86E-03 6.15E-09 6.15E-09 3.16E-08 3.69E-08
U-230 8.51E-07 5.48E-04 0.126 6.22E-07 7.34E-07 9.87E-07 1.13F-06
U-233 3.26E-06 2.10E-03 0.482 2.38E-06 2.81E-06 3.78E-06 4.34E-06
U-234 6.71E-07 4.32E-04 9.90E-02 6.49E-07 6.60E-07 6.82E-07 6.88E-07
U-235 2.68E-08 1.73E-05 3.96E-03 2.59E-08 2.64E-08 2.73E-08 2.75E-08
1J-236 2.19E-08 1.41E-05 3.23E-03 2.09E-08 2.14E-08 2.22E-08 2.25E-08
U-238 8.62E-07 5.55E-04 0.127 8.42E-07 8.51E-07 8.73E-07 8.87E-07
ND-237 8.99E-07 5.79E-04 0.133 7.00E-07 7.97E-07 1.00E-06 1.10E-06
Pu-238 4.11E-04 0.265 60.7 2.23E-04 3.87E-04 4.22E-04 4.33E-04
py-239 2.81E-03 1.81 415 1.54E-03 2.65E-03 2.89E-03 2.96E-03
Pu-240 1.00E-03 0.647 148 5.47E-04 9.44E-04 1.03E-03 1.06E-03
pu-241 2.84E-02 183| 4.20E+03 1.54E-02 2.67E-02 2.92E-02 3.00E-02
pu-242 2.06E-07 1.32E-04 3.03E-02 1.12E-07 1.93E-07 2.11E-07 2.17E-07
Am-241] 9.02E-03 581] 133E+03 4.44E-03 8.42E-03 9.30E-03 9.56E-03
Am-243 1.00E-06 6.48E-04 0.148 4.93E-07 9.38E-07 1.04E-06 1.07E-06
Cm.242 1.21E-05 7.80E-03 1.79 1.20E-05 1.20E-05 1.21E-05 1.21E-05
Cm-243 1.48E-06 9.52E-04 0.218 1.47E-06 1.47E-06 1.48E-06 1.48E-06
Cm.-244 6.07E-05 3.91E-02 8.96 4.54E-05 5.87E-05 6.16E-05 6.25E-05
-95 CI -67 Cl +67 Cl +95 CI
Taotals M [iTallal ko (M _ar o/l (M or oll ) (M ar o/l ) (M ar o/l )
Pu 4.98E-02 (g/L) 7.35 2.72E-02 4,68E-02 5.11E-02 5.24E-02
u 7.57E-03 1.16E+03 266 7.31E-03 7.43E-03 7.71E-03 7.77E-03

*Unknowns in tank solids inventory are assigned by Tank Layering Model (TLM).
TVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Single-Shell Tank 241-AX-103

Total |nventory Edtimate*

Physical
Pronerties 08 ClI -87Cl +R7Cl +95 Cl
Total Waste 6.20F+05 (k) (112 kgal)
Heat Load 6.56 (KW) (224F+04 BTU/hr) oo 5.82 633 670 681
Bulk Densityt 1.46 (g/cc) 142 145 148 148
Water wt%t 452 432 439 465 481
TOC wi% C (wet) 1.01 0539 0204 122 143
Chemical -95 ClI -67 ClI +67Cl +95 CI
Condtitiients maolell nom ka (male/l ) (mole/l ) (malefl)  (mole/l )
[Nat 10.1 1.59E+05 9.87E+04 Qo Q71 106 107
Al3+ 1.21 2.22E+04 1.38E+04 1.00 116 124 1927
Fe3+ (total Fe) 0.376 1.44E+04 8.91E+03 0.364 0373 0378 0379
Cr3+ 8.38E-02 2.98E+03 1.85E+03 7 42600 7 QAE_0? 2 70602 g 29F_2
Bi3+ 8.63E-04 123 76.4 8.09F-04 8.35F-04 | 8.90F-04 9.32F-04
La3+ 1.54E-05 1.46 0.904 113E-05 133E-05 1 74E-05 104E-05
Hg2+ 6.93E-06 0.950 0.589 6.63E-06 6.78E-06 7.08F-06 7.23E-06
Zr (as ZrO(OH)2) 1.07E-04 6.68 4.14 9.90E-05 1.02E-04 111E-04 1.15E-04 |
Pb2+ 9.39E-04 133 82.5 222504 2.28E.04 105602 11602
Ni2+ 1.09E-02 439 272 381F-03 7.99F-03 124E-02 1.32E-02
Sr2+ 0 0 0 0 (o] 0 0
Mn4+ 3.20E-03 120 745 2.Z5E.03 2.976.03 342603 264E.02 ]
Caz+ 5.03E-02 1.38E+03 854 2 05F-02 355E-02 5.76E-02 6.18F-02
K+ 4.67E-02 1.25E+03 775 A01E-02 A20E-02 512602 5 73E.02
OH- 7.95 9.24E+04 5.73E+04 6.99 7 68 811 826
NO3- 3.05 1.29E+05 8.02E+04 289 297 313 321
NO2- 1.81 5.68E+04 3.53E+04 148 160 20 209
CO32- 0.399 1.64E+04 1.02E+04 0.363 0381 0417 0.429
PO43- 6.50E-02 4.22E+03 2.62E+03 5.60F-02 5 90F-02 6.90E-02 Z.43E-02
S0O42- 0.216 1.42E+04 8.81E+03 0175 0102 0 244 0245
Si (as Si032-) 0.244 4.69E+03]  2.91E+03] = 7op.p 0.188 0.972 0295
F- 4.69E-02 610 378 208E.02 A23E.-02 5 16E-02 585502
cl- 0.169 4.10E+03|  2.55E+03 0146 0156 0174 0.179
C6H5073- 2.40E-02 3.10E+03 1.92E+03 2 19E-0Q2 2 28F-Q2 2 53FE-02 2 73E-02
[EDTA4- 2.28E-02 4.48E+03 2.78E+03 Z56E-03 150002 2.08E-02 222502
HEDTAS3- 4.04E-02 7.57E+03 4.70E+03 9 9OE-03 2 49E-02 5 61E-02 7 13E-02
glycolate- 9.75E-02 5.00E+03 3.10E+03 A 71E-02 2 2NE.-02 0113 N 128
acetate- 1.64E-02 661 410 1.30F-02 1.44E-02 1.85E-02 217E-Q2
oxalate2- 2.01E-05 1.21 0.750 179E-05 100E-05 2 12E.05 223E.08
DBP 1.88E-02 2.70E+03 1.67E+03 1 56E-02 1.70E-02 2 07E-02 2 36E-02
butanol 1.88E-02 951 590 1.56E-02 1.70F-02 2.07E-Q2 2.36E-02
NH3 7.54E-02 876 543 5.42E-02 6.49E-02 8.63F-02 971E-02
Fe(CN)64- 0 0 0 Q Q0 0 0

*Unknownsin tank solids inventory are assigned by Tank Layering Model (TLM).
TWater wt% derived from the difference of density and total dissolved species.
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HDW Model Rev. 4

Single-Shell Tank 241-AX-103

Total Inventory Estimater

Physical
|Dronertiog 05 Cl R7CI -vdall e all
Total Waste 6.20E+05 (kg) (112 kgal)
Heat L oad 6.56 (kW) (2.24E+04 BTU/hr) 5.82 6.33 6.70 6.81
Bulk Densityt 1.46 (g/cc) 1.42 145 148 148
Water wt%t 45.2 43.2 43.9 46.5 48.1
TOC wt% C (wet 101 0.589 0.794 1.22 1.43
Radiological
Conctituants Cill uCilao fadi (ol al I /alTI/IAY vl alliali Y Y-l al el AN o NI al I /adl i
H-3 1.88F-04 0.129 798 1.32F-04 1.32F-04 2.04E-04 2.23E:04
Cc.14 2.98E-05 2.04E-02 12.6 1.80E-05 1.80E-05 3.10E-05 3.22E-05
Ni-50 1.61E-05 1.10E-02 6.83 1.67E-06 1.01E-05 1.91E-05 2.08E-05
Ni-63 1.62E-03 1.10 685 1.65E-04 1.01E-03 1.91E-03 2.08E-03
Co-60 3.81E-05 2.60E-02 162 2.46E-05 2.46E-05 3.08E-05 7.32E-05
Se79 1.66E-05 L14E-02 7.04 3.94E-06 1.33E-05 1.88E-05 2.09E-05
Sr-90 210 144E+03 |  8.92E+05 1.89 2,05 213 215
v-90 211 1.44E+03|  8.93E+05 1.89 2.05 2.13 2.15
.93 7.72E-05 5.27E-02 32.7 1.43E-05 6.07E-05 8.82E-05 9.88E-05
Nb-93m 5.75E-05 3.93E-02 24.4 1.32E-05 4.60E-05 6.53E-05 7.27E-05
Ic-99 2.25E:04 0.154 95.4 1.81E-04 2.01E:04 2.52E:04 2.88E-04
Ru-106 5.39E-08 3.68E-05 2.28E-02 2.22E-08 4.57E-08 5.94E-08 6.47E-08
Cd-113m 3.46E-04 0.237 u7 7.60E-05 2.48E-04 412604 476E:04
Sh-125 1.71E-04 0.117 724 1.12E-04 1.12E-04 1.78E-04 1.86E-04
<n.126 2.58E-05 1.76E-02 10.9 6.78E-06 2.09E-05 2.91E-05 3.23E-05
1-129 4.35E-07 2.97E-04 0.184 3.50E-07 3.88E-07 4.87E-07 5.58E-07
Cs134 3.79E-06 2.50E-03 161 2.64E-06 3.20E-06 4.38E-06 4.96E-06
Cs-137 0.275 188| 117E+05 0.212 0.243 0.307 0.338
IRa137m 0.260 178| 110E+05 0.200 0.226 0.290 0.320
Sm-151 6.14E-02 41.9| 260E+04 1.70E-02 4.99E-02 6.91E-02 7.65E-02
Eu-152 1.94E-05 1.32E-02 8.21 1.84E-05 1.84E-05 1.98E-05 2.02E-05
Eu-154 1.44F-03 0.987 612 5.52E-04 6.23E-04 2.00E-03 2.53E-03
Eu-155 1.39E-03 0.951 590 1.34E-03 1.34E-03 1.42E-03 1.44E-03
|Ra-226 1.03E-09 7.02E-07 4.36E-04 6.35E-10 9.26E-10 1.10E-09 1.16E-09
IRa 228 2.69E-07 1.84E-04 0.114 7.32E-08 7.32E-08 2.95E-07 3.23E-07
AC-207 5.62E-09 3.84E-06 2.38E-03 3.34E-09 5.03E-09 6.02E-09 6.40E-09
Pa-231 1.43E-08 9.75E-06 6.05E-03 3.25E-09 1.10E-08 1.65E-08 1.86E-08
Ih-229 6.24E-09 4.27E-06 2.65E-03 1.72E-09 1.72E-09 6.81E-09 7.42E-09
Th-232 2.89E-08 1.98E-05 1.23E-02 4.73E-09 4.73E-09 3.56E-08 4.19E-08
U-232 8.05E-07 5.50E-04 0.341 6.21E-07 6.95E-07 9.31E-07 L.06E-06
U-233 3.09E-06 2.11E-03 1.31 2.38E-06 2.66E-06 3.57E-06 4.08E-06
1-234 5.24E-07 3.58E-04 0.222 5.07E-07 5.17E-07 5.31E-07 5.36E-07
U-235 2.08E-08 1.42E-05 8.81E-03 2.01E-08 2.05E-08 2.11E-08 2.13E-08
U-236 1.68E-08 1.15E-05 7.11E-03 1.63E-08 1.66E-08 1.70E-08 L.72E-08
U-238 7.20E-07 4.92E-04 0.305 7.05E-07 7.14E-07 7.27E-07 7.51E-07
NO-237 7.56E-07 5.16E-04 0.320 6.12E-07 6.77E-07 8.43E-07 9.62E-07
Py-238 1.28E-05 8.78E-03 5.45 1.07E-05 1.23E-05 1.32E-05 1.36E-05
PU-239 3.40E-04 0.232 144 2.85E-04 3.26E-04 3.50E-04 3.59E-04
Pu-240 6.43E-05 4.39E-02 273 5.37E-05 6.16E-05 6.61E-05 6.79E-05
Pu-241 9.13F-04 0.624 387 7.61E-04 8.73E-04 9.39E-04 9.64E-04
Pu-242 5.26E-09 3.59E-06 2.23E-03 4.38E-09 5.03E-09 5.41E-09 5.56E-09
Am-241 5.25E-04 0.359 222 3.35E-04 475604 558E-04 5.89F-04
Am-243 1.65E-08 1.13E-05 6.99E-03 1.07E-08 1.50E-08 1.75E-08 1.85E-08
Cm-242 5.56E-07 3.80E-04 0.236 5.17E-07 5.17E-07 5.72E-07 5.87E-07
Cm-243 4.46E-08 3.05E-05 1.89E-02 4.10E-08 4.10E-08 4.61E-08 4.75E-08
Cm-244 1.13E-06 7.73E-04 0.479 4.97E-07 9.66E-07 1.24E-06 1.35E-06
-95 CI -67 Cl +67 Cl +95 CI
Tatals M ua/o ka (M or oll ) (M or oll ) (M _or all ) (M ar o/l )
Pu 5.58E-03 (g/L) 2.37 4.64E-03 5.34E-03 5.74E-03 5.90E-03
(0] 5.88E-03 957 594 5.69E-03 5.80E-03 5.97E-03 6.04E-03

*Unknownsin tank solids inventory are assigned by Tank Layering Model (TLM).
TVolume average for density, mass average Water wt% and TOC wt% C.
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HDW Model Rev. 4

Single-Shell Tank 241-AX-104

Taotal Inventory Egtimate*

Physical
Pronerties 08 CI =67 Cl +67 Cl +08 Cl|
Total Waste 3 5AE+04 (k) (Z00kgal)
Heat Load 296 (W) (1.01E+04 BTU/hr) 2.61 2.86 203 307
Bulk Densityt 1.34 (g/cc) 119 129 138 1.40
Water wt%ot 61.5 57.6 593 650 17
TOC wit% C (wet 0 0 0 0 0
Chemical -95 CI -67 ClI +67 Cl +95 CI
Condtituents mole/l pom ka (male/l)  (mole/l)  (male/l ) (maole/l)
Nat+ 4.03 6.89E+04 2.45E+03 0428 283 478 5 23
Al3+ 0 0 0 o) 0 0 0
Fe3+ (total Fe) 2.96 1.23E+05 4.38E+03 286 293 297 298
Cr3+ 6.50E-03 252 8.96 246603 449E:03 8.54E-03 1.05E-02
Bi3+ 0 0 0 0 0 0 0
La3+ 0 0 0 0 0 0 0
Hgo+ 0 0 0 0 0 0 0
Zr (as ZI’O(OH)Z) 0 0 0 0 Q0 0 0
Pb2+ 0 0 0 0 (o] 0 0
Ni2+ 5.81E-02 2.54E+03 90.4 123E.02 245E.02 £.00E.02 Z66E-02
Sr2+ 0 0 0 0 0 0 0
Mn4+ 0 0 0 0 0 0 0
Caz+ 0.243 7.25E+03 258 5 58E.03 0128 0202 0335
K+ 4.58E-03 133 4.75 1.74E-03 317E-03 6.02F-03 Z41E-03
OH- 9.14 1.16E+05 4.12E+03 S G4 897 926 934
NO3- 6.17E-17 2.85E-12 1.01E-13 722618 1 0GE-17 22114 5 CoE.15
NO2- 0.587 2.01E+04 715 0222 0.405 0771 0948
CO32- 0.243 1.09E+04 386 5 53E-03 0.125 0.302 0335
PO43- 0 0 0 0 0 0 0
S042- 0.129 9.23E+03 328 4.89F-02 8.91F-02 0170 0209
|Si (as Si032-) 1.52 3.18E+04 1.13E+03 2 83F-02 1.08 1.75 194 ]
F 0 0 0 0 0 0 0
cl- 2.11E-02 556 198 798F-03 1 46E-02 277E-Q2 341E-02
C6H5073- 0 0 0 0 0 0
EDTA4- 0 0 0 0 0 0
HEDTAS3- 0 0 0 0 0] 0 (0]
glycolate- 0 0 0 0 0 0 0
acetate- 0 0 0 0 0 0 0
oxal ate2- 0 0 0 0 Q o} Q
DBP 0 0 0 o 0 a a
butanol 0 0 0 o] 0 0 0
NH3 0.270 3.41E+03 122 0106 0190 Q.35 0.431
Fe(CN)64- 0 0 0 0 Q 0 0

*Unknownsin tank solids inventory are assigned by Tank Layering Model (TLM).
TWater wt% derived from the difference of density and total dissolved species.
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HDW Model Rev. 4

Single-Shell Tank 241-AX-104

Total Inventory Estimate*

Physical

Properties -95 ClI -67 Cl +67 Cl +95 C|
Total Waste 3 56E+04 (kg (Z00kgal)
Heat L oad 205 Wy (1 01504 BT 1/hr) 241 284 203 307
Bulk Densityt 134 (a/ce) 119 129 138 140
Water wt%t 615 576 593 65.0 717
TOC wt% C (wet 0 . . 0 0 0 0
Radiological -95 CI -67 ClI +67 Cl +95 ClI
Cconstituents Ci/ll ucCi/a Ci (Ci/1) (Ci/1) (Ci/l) (Ci/l)
H-3 1.28F-04 950F-02 3.38 1.76E-05 5.96E-05 22204 3.38F-04 |
C-14 2 38F.08 1776-02 0.630 9 00F-08 1 64E-05 212E.05 384F-05
Nj-59 118604 R 77E-00 3.12 2 49F-08 ZO00E-05 142604 155604
Ni-63 118E-02 2831 313 250E.04 Z03E.03 142602 186E.02
C0-60 328F-05 2 44F-0Q2 0.868 1.24F-05 2 26F-05 430F-05 317E-04 |
Se-79 111E-04 830F-02 2.95 1.02F-05 8.53F-05 1.29F-04 147E-04 |
Sr-90 162 120504 4.28E+05 145 157 164 1685
Y-90 162 12004 4.290E+05 145 157 164 165
Zr-93 512604 0381 13.6 911E-08 381E-04 A02F-04 AR87E-04
Nb-93m 3.84F-04 0286 10.2 300F-05 2.93F-04 447F-04 507F-04 |
Tc-99 1.60F-04 01258 4.47 6.38F-05 1.16F-04 221E-04 2.72E-04 |
Ru-106 2382607 28404 101E-02 120E.07 216E.07 A27E.07 A70E-07
Cd-113m 220E.03 163 58.2 A41E.08 141603 2 73E.03 3205F.03
Sh-125 147604 0110 3.90 5 57E.08 102604 103604 23304
Sn-126 1.74E-04 0129 4.61 2 20E-05 1.35E-04 201E-04 227E-04 |
1-129 326E-07 243F-04 8.64E-03 1.23E-07 225E-07 428F-07 527E-07
Cs134 ZR1E.04 521E.03 0.207 2098E.0R 52008 103605 126E.05
Cs137 0621 463 1.65E+04 0238 0420 0316 100
Ba-137m 0583 433 1.56E+04 0223 0406 0772 0080
Sm-151 0416 309 1.10E+04 612F-02 0324 0478 0538
Eu-152 127E-04 9 44F-02 3.36 1.25F-04 1.26E-04 1.28E-04 1.29E-04 |
Eu-154 Z31E-03 544 194 236E-04 Z46E-04 118E-02 1R/1E-02
Eu-155 Q45E-02 73 250 9 28F-03 937E-03 9 55E-03 9 AAF-03
Ra-226 Z230E.00 SS1E0R 1.96E-04 A26E-00 A50E.00 ZQ6E.00 24000
Ra-228 669F-14 498F-11 1.77E-09 657F-14 663F-14 676F-14 682F-14
Ac-227 3.99F-08 2.97F-05 1.06E-03 217E-08 352F-08 431F-08 462F-08
Pa-231 208E.08 AARE-O8 2.38E-03 167600 A36E-08 108E-07 125607
Th-229 104F-11 Z 77E-00 2.77E-07 103F-11 104E-11 10/F-11 10/F-11
Th-232 604F-15 A 4OE-12 1.60E-10 228F-15 417E-15 ZO3E-15 Q75E.15
U-232 839F-12 6.24F-09 2.22E-07 318F-12 579F-12 1I10F-11 1.36E-11
U-233 198F-13 147F-10 5.24E-09 Z.49F-14 137F-13 2.60F-13 3.20F-13
U-234 103607 ZZ0E.08 2.74E-03 291E.08 Z14E.08 1236607 167607
U-235 A4231E.00 321608 114E-04 163600 2098E.09 5 A7E.00 AQ7E.00
U-236 282E.00 21008 7.47E-05 107600 105E.00 371E-00 ABAE-00
u-238 1.01E-07 Z.49F-05 2.67E-03 3.81F-08 6.95F-08 1.32F-07 1.63F-07
Np-237 3.60F-07 2.68F-04 9.54E-03 1.36F-07 2.49F-07 473F-07 5.82F-07
Pu-238 Q42E.08 Z01E.02 2.50 ZZ2E.08 290E.08 Q73058 100604
Pu-239 244503 182 64.7 20003 2233503 250603 2 60E-03

A.21
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Appendix B

Suggested Approach for
First Determination Assessment

This chapter presents a basic approach for an assessment-monitoring program, as required by
40 CFR 265.93(a). The assessment program must be capable of determining whether dangerous waste or
dangerous waste constituents from the facility have compromised groundwater, and if so, to determine the
concentration, the rate and the extent of migration in the groundwater (40 CFR 265.93(d)).

If an indicator parameter at a downgradient well exceeds the initia background value, an assessment
plan will be prepared and submitted to Washington State Department of Ecology (Ecology). The plan
will include the:

- description of the approach to determine if dangerous waste or dangerous waste congtituents from the
facility have entered the groundwater or if the exceedance was caused by other sources (false positive
rationale)

- description of the investigative approach to fully characterize rate and extent of contaminant
migration

- number, locations, and depths of wells in the monitoring network
- sampling and analytical methods used

- data evaluation procedures

- an implementation schedule.

A generic flowchart for the assessment program is presented in Figure B.1 with a proposed plan
outline provided in Table B.1.

The first determination is conducted as soon as technically feasible and a report of the findings sent to
Ecology. If afurther determination investigation is required based on the results of the first
determination, a detailed assessment plan appropriate to Waste Management Area (WMA) A-AX will be
developed and updated annually as required by 40 CFR 265.94(b).

B.1



TableB.1. Contents of Proposed Groundwater Quality Assessment Monitoring Plan

1.0

Introduction

1.1 Objectives

1.2 Approach

1.3 Scope and Organization

2.0

Background Information
2.1 Facility Description
2.2 Facility Operationa History
2.2.1 Past Operational Tank History
2.2.2 Tank Leak History
2.2.3 Present Operational History
2.3 Waste Characteristics
2.3.1 PUREX Primary Process
2.4 Geology
2.4.1 Site Specific Stratigraphy
2.4.2 Aquifer properties
2.5 Groundwater Chemistry

4.0 Assessment Monitoring Program

4.1 Monitoring Network

4.2 Groundwater Flow Direction Rate
4.3 Dangerous Waste Constituents
4.4 Investigative Tasks

5.0 Assessment Schedule and Budget

3.0

Conceptual Model
3.1 Contaminant Sources
3.2 Driving Forces
3.3 Migration Pathways

6.0 References

Appendix A—Sampling and Analysis Plan
Appendix B-As-Built Diagrams of Single-Shell
Tank System Waste Management Area A-AX
Groundwater Monitoring Wells




Conduct Statistical Analysis for
Significant Increase in
an Indicator Parameter

v

Immediately Resample -
Significant Increase Verified

¥

Motify Ecology within
T Days of Verifying Increase

v

Make False Positive Claim and
Implement a Short-Term Sampling
Program as First Detarmination

¥

Develop Conceptual Model

Evaluate Existing Data:

Source Term Evaluaton
Ewidence of Driving Force
Mobile Co-Contaminant Analysis
Mear Field Plume Map
Groundwater Flow Direction

Apply DQO Process

Ara

Exrsting Data

Adequalte
?

Identify Data Gaps and
Acquire New Data

Revert S5T VWMA A-AX o

Detection Monitaring

Implameant Periodical Leak

Falze Positive Indicated pe———i  Check Procedure for Uility
Lines Mear Tanks

+ \dentify Old Wells as Preferential

Fathways for Decommissioning

Are Mobile

Co-Contaminants
Consistent with the
S5T Source

Is Thera an
Alternative Source
Othar Than S5T

Ecology = The Washington State
Department of Ecology
88T = Single-Shell Tank
WA = Waste Management Area
DQO = Data Quality Objective

| Contamination Source Confirmed I

lma

| Continue Assessment |

Z200NDCLA-AXD 11

FigureB.1. Flow Chart for First Determination Groundwater Quality
Assessment Monitoring Program

o8]
e
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Area A-AX Groundwater Monitoring Wells



Appendix C

As-Built Diagrams of Single-Shell Tank System Waste M anagement
Area A-AX Groundwater Monitoring Wells

The following as-built diagrams illustrate specifications of well construction and the general
lithologic information recorded during the drilling of each well. All depths and dimensions are in feet and
inches, as they were recorded during the drilling and construction of the wells. Included are the six wells
in the current A-AX, and additional candidate wells that could be added to the network if assessment

monitoring becomes necessary.

C1



WELL COWSTRUCTION AND COMPLETIOM SUMMARY

brilling Sample WELL TEMPORARY
Method:_Cable tool Method: Hard tool {nom) | MUMBER: 299-E24-3 WELL WO:_Z216-A-9-1
brilling Additives Hanford
Fluid Used: Water Used: Hot documented | Coordinates: W/5 _MW 41,010 EfW _W 48,310
briller's WA State State
Kame: M, Johnson Lic Wr:_Mot documented | Coordimates: W 445,183 E _ 2,246,910
Brilling Compary Start
Company:_ Mot documgnted Location:Mot documented | Card #:Mot documénted = 7 R g
Date Date Elevation

Started:_18JunSs Complete: 27JunSé Ground surface: &6%6,6-ft Estimated

Depth to water: 302-ft JunSé .

{Ground surface)Dry DéMa [ ! El.ﬂra.t;nn n: reference point: [&698.69-1t]

(tep of casing)

GENERALIZED prillerts | Height of reference point abovel +1.7-ft }
STRATIGRAPHY Log I— grourd surface

¥

bepth of surface seal [_0+135-1t)
Type of surface seal:

Grout between &=in Liner

and B=in (perforated) casing

0=20: Fill SAND

20=33z SAND

33-50: Fine SAND

30=T0: Coarse SAND

70 75: Coarse SAND some GRAVEL
T5=100: Small GRAVEL

100=125: SAND and large GRAVEL
125=12%: Medium SAND

129=140: Fine SAND

140=145; Medium SAND

165=155: SAND some SILT
155=205: Fine SAND

B-in carben steel casing,
| +Hp=333-ft

pPerforated during remediation,

0=135-ft, 2 cuts/rd/ft

e————1 &-in carbon steel liner,

205-210: SAKD gﬂ +1,7+7138-ft
210=235: Fine SAND i
235-245: Hedium SAND and scme CRAVEL i ————1 Sand plug,

245+265: Fine SAKD

265+270: Medium SAKD

270s275: SAND and scme GRAVEL
2T5=2B5: Coarse SAMD and GRAVEL
285-290: GRAVEL

270=295: GRAVEL and some SAND
293-205: SAND

295+3041 Fine SAND

J05=310: GRAVEL

310-333: Large GRAVEL

ND="138-ft

Packer set
@ T138-f%

Hole diasmeter, ¥-in nominal,

[ “:3!-11

ITr

| Depth te bettom,
| 258.2-ft, 06Mard2
REMED IATIONS: = oy
Jurrdul 67 by Hatch El# fE 1
Attempted to set screen. Hoted sand = '—‘T’!%E_?__!
ceming in frem "200-ft. Attempted to --tiﬁ.!.a-'fEL q | B-im casing perforations,
pull secreen and screen came apart. Ef::ﬁmf’ﬂfhl f=135-ft, 2 cutsfrd/ft {(see above)
Screen is apparently still in hole TH '.Iu_-_fEE' E7f=@e-ft, 5 holes/ft
from “253=311-ft. i fii £ £ B 294w3035-ft, 1 holefft
Febf5 by Garcia = 1 Fii=d 303-331-fr, © holes/ft
Perforated O=135-ft. Fill to 2&0-ft a3 i 3 e
Sot 140-ft of &-in casing with =26 i
B-in packer on bottom. A
Grouted between &=5-in casings With !H’fﬁﬁ!fu
10-gals of fine sand and S5 e
18-gals cement. f_@fl}; f .
CfEfE 11 | «+—] Borehole drilled depth: (333-1t )

Drauing By:_RKL/2624-03.AS8
Date 1_155epd
Reference : HANFORD WELLS




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E24-3

WELL DESTGHATION
RCRA FACILITY
CERCLA UNIT

HANFORD COORDIMATES
LAMBERT COORDIMATES
DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS5)
DEPTH TO WATER (GS5)

CASING DIAMETER

ELEY TOP CASING
ELEV GROUND SURFACE
FERFORATED INTERVAL

SCREENED INTERVAL
COMMENTS

AVATLABLE LOGS

TV SCAN COMMENTS
DATE EVALUATED
EVAL RECCMMEMDATION
LISTED USE

CURRENT USER

PUHP TYPE
MAINTEHANCE

T B4 aE ww

s

299-E24-3

Het applicable

200 Aggregate Area Management Study -

H 41,010.8 W 48,310.4 [02Mar&8-200E]
M 444, 188 E 2,245,910  [HAKCOWV]
Jun5é

333-ft

258.2-ft, D&Mar92

302-Ft, May57;

Dry at 258.2-ft, D&Mar92

8-in, carbon steel, “O=333-ft;

&-in, carbon steel, +1.7="238-ft
&698.33-ft, [02Mar88-200€E]

&894 . 6-ft, Estimated

2TT=331-ft;

Remediation 0~135-ft

“253-311-ft

FIELD IHSPECTION, O&Mar92,

é-in carbon steel casing. Capped, mot locked
Mo pad, no posts. no permanent identification.
Mot in radiation zone.

Driller ’

Mot epplicable

Hot applicable

Hot applicable

Water levels measured 095epd5-0TApréT;
Hone documented

Hone documented

O
€0



WELL CONSfRUCTlON AND COMPLETION SUMMARY

brilling Sample WELL TEMPORARY
Method:_Cable tool Method:_Hard tool (nom) | NUMBER:_299-E24-4 WELL NO:_216-A-9-2
brilling Additives Hanford

Fluid Used:_Water Used:_Bentonite Coordinates: N/S _N 41,181.9 E/W W 48,482.9
briller's WA State State
Name:_M. Johnson Lic Nr:_Not documented Coordinates: N 446,359 E 2,246,736
Drilling Company Start
Company:__Not documented Location:Not documented | Card #:Not documented T R S
Date Date Elevation
Started:_04Jun56 Complete:_14Jun56 Ground surface:_694.8-ft Estimated

Depth to water:_299-ft Jun56

(Ground surface)291.9-ft Mar92 l +«—————| Elevation of reference point: [696.69-ft]

GENERALIZED Driller's
STRATIGRAPHY  lLog

0-20: Fill SAND

25+39: SAND

39«50: Coarse SAND

50-60: Small GRAVEL

60+70: Small and medium GRAVEL
70+79: Medium SAND and some GRAVEL
79-85: More SAND less GRAVEL ¢«
85495: SAND

95 : Scattered GRAVEL
100+120: Not documented
125+135: SAND and GRAVEL
135#145: Medium SAND

145-160: Fine SAND

160~180: Medium SAND

180-195: Medium~coarse SAND
195+215: Coarse SAND

2154220: Medium SAND

220-224: Coarse SAND

224+~230: GRAVEL and SAND
230%245: Medium SAND and small GRAVEL
245+258: Medium SAND

258+264: Medium and fine SAND
264%275: SAND and GRAVEL

275+285: GRAVEL

285+305: Medium GRAVEL

305+325: Coarse GRAVEL

325+330: GRAVEL

REMEDIATION: . &
Feb85 by Garcia +
Perforated 0~135-ft.
Set 140-ft of 6-in casing with
8-in packer on bottom.
Grouted between 6+8-in casings with ]
10-gals of fine sand and
18-gals cement and 1-yd of grout.

Drawing By:_RKL/2E24-04.ASB
Date : 03Sep93
Reference :_HANFORD WELLS

(top of casing)
Height of reference point above[_1.9-ft ]
ground surface

[

Depth of surface seal

Type of surface seal:

Grout between 6-in liner
and 8-in (perforated) casing

[_0~+135-ft]

8-in carbon steel casing,
+ND-»"138-ft

Perforated during remediation,
0-135-ft, 2 cuts/rd/ft

6-in carbon steel liner,
+1.9+7138-ft

! Ssand plug,
ND»"138-ft

| Packer set,
C138-ft

| Hole diameter, 9-in nominal,
0-350-ft

! 8-in casing perforations,
0»135-ft, 2 cuts/rd/ft (see above)
272+298-ft, S holes/ft

Depth to bottom,
332.1-ft, 06Mar92

Borehole drilled depth: [ 330-ft ]

CA4




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGHATION
RCRA FACILITY
CERCLA LINIT

HANFORD COORDIMATES
LAMBERT COORDIMATES
DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASIMG DIAMETER

ELEV TOP CASING
ELEV GROUMD SURFACE

#E E® BE EE BE S8 48 @4 e

PERFORATED INTERWAL :

SCREEMED IKTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMENTS
DATE EVALUATED

EVAL RECOMHEMDATION
LISTED USE

CURRENT USER

PUHP TYPE
MATHTENANCE

wE B BE BE BE

RESOURCE PROTECTION WELL - 299-E24-4

299=E24-4

Mot applicable

200 Aggregate Area Management Study

W 41,181.9 W 48,482.9 [02MarBS8-200E]
N 446,359 E 2,246,736  [HANCONV]
Jun5é

330-ft

I32.1-ft, 0&Mary2

299-ft, Jun5Sé;

291.9-ft, 0&Mar92

8-in, carbon steel, + 0=333-ft;

6-in, carbon steel limer, +1.9+140-ft
696.6%-ft, [02Mard8-200E])

&95.8-ft, Estimated

2T2=298-ft )

Not applicable

FIELD INSPECTION, 0&Mar92,

&-in carbon steel casing. Capped and locked
2-ft pad, no posts, no permanent identification.
Kot in radiation zone.

priller

Hot applicable

Hot applicable

Hot applicable

Water levels measured 28Sep&0=030ct®1;
PHL sitewide sampling 93

Electric submersible



WELL COMSTRUCTION AMD COMPLETION SUMMARY

brilling Sample WELL TEMPORARY
Method: Cable tool  Method: Hard tool {nom) | NUMBER: 299-E24-5 WELL WO:_216-A-%-3
brilling Additives Hanfard
Fluid Used: Water Used: Mot documented Coordinates: W/5 _W 41,275 = E/W _MW &8, 734
priller's WA State State
Hame: P. Rydmann Lic Nr: Mot documented | Coordinates: W ___ 446,652 € _ 2,208,485
prilling Company Start
Compary's_ Net documented Location:Not documented | Card #:Mot documented =~ T R S
Date Date Elevation
Started: O7Jun5é Complete:_15Jun5é Ground surface: &9%.8-ft Estimated
Depth to water: 299-f
{Ground surface}292.1-1t Mar92 I 4= Elevation of reference paint: [&26.61-f1]
(top of casing)

GEWERALIZED brilleris i Height of reference point above[ 1.8-ft ]
STRATIGRAPHY Log | grournd surface

v

= | Depth of surface seal [_0=135-f1)
0=10: Brown SAND Type of surface seal :
10=54: Coarse SAMD some GRAVEL | Grout between &=in Liner
54+59: Large GRAVEL coarse SAND and B-in (perforated) casing
5%+T1: Coarse SAND some GRAVEL [

Ti#132: Coarse SAHD

132=139: Medium=coarse SAND
139=-+152; Brown SAKD some SILT
152#1621 Medium-coarse SAND
162=173: Coarse SAND

173=178: Medium=coarse SAMD
179=211: Coarse SAND

211=217: Brown SAND some SILT

B-in carbon steel casing,

' -
Perforated during remsdiation,
0=-135-fr, 2 cutsa/ft/rd

«—————| &-in carbon steel liner,

217=241; Coarse SAND ] ift +1.8~ :
241=24%: Mediumecoarse SAND some SILT i ;ﬂ Carbon stegl
269m261: Broun SAND some SILT 3 i||1—L
261=249; Coarse SAND and GRAVEL o | Sand plug,
269=283: BOULDERS GRAVEL and SAND Wo="138-f
283=311: GRAVEL and SAND

some Large GRAVEL | Packer set
311=329: GRAVEL BOULDERS and SAND a "138-ft

a——! Hole diameter, 9-in neminal,
=320 f
+ | B-in casing perforations,
+ = f cuts/frdfft
4 4 =337 holes/ft
REHED AT ION: i L +
JarwFeb85 by Garcia - 3
Parforated 0=1353-ft. b 3
Set 140-ft of &-in casing with -+
B-in packer on bottom. -
Grouted betwesn &=B-in casings with :
10-gals of fine sand and :
18-gals cement and 1-yd of grout.
| +———1 Borehole drilled depth: [_329-f1 1

Drawing By: 4=
Date :_035epS3 .
Reference : HANFORD WELLS

C.t




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGNATION
RCRA FACILITY
CERCLA UNIT

HANFORD COORDINATES
LAMBERT COORDINATES
DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEY TOP CASING
ELEV GROUND SURFACE
PERFORATED IMTERWAL
SCREEMED INTERVAL
COMHENTS

AVAILABLE LOGS

TV SCAN COMMEHTS
DATE EVALUATED
EVAL RECOMMEMDATION
LISTED USE

CURRENT USER

PUHP TYPE
MATNTEMANCE

T A T T

RESOURCE PROTECTION WELL - 299-E24-5

299-E24-5

Mot applicable

200 Aggregate Area Management Study

K 41,275.4 W  &B,727.2 [02MarB4-200E)
H 446,452 E 2,266,492  [HAMCOMY]
Junsé

129-ft

Not documented

299-ft, JunSé:

292.1-ft, 12War?2

8-in, carbon steel, ~(0«329-ft

&-in, carbon stesl, +1.8+140-ft
&76,61-ft, [02Mar88-200]
£96.8-ft, Estimated
ET4=327-f1t

Hot applicable

FIELD INSPECTION, 03Jan%2,
&-in carbon steel casing. Ca
2-ft, no posts, no parmanent
Not in radiation zone.
Driller

Hot applicable

Not epplicable

Mot applicable

One water level measurement 146Febdd;
Hone documented

Hone decumented

, mot locked
dentification.



WELL CONSTRUCTION AND COMPLETION SUMMARY

brilling Sample WELL TEMPORARY
Hethod: Cable tosl Hethod: Hard teal (hom) | WUMBER: 299-£24-13 WELL MO:
brilling Additives Hanford
Fluid Used:Not documented Used: Coordinates: Nf5 M &1,185.9 E/fW W LT 8748
oriller's WA State State MADES N LO057.6m E 575, 300, Bm
Name: Rodds Lie Wr:_Mot documented | Coordinates: M Lb6, 566 E __2,247 344
nrilllng Company Start
Company:__Not documented  Location:Hot documented | Card #:Mot documented T RS
Date Date Elevation
Started:_ 15Aughd Complete:_12S5epd9 Ground surface:_&90.77-ft Brass: cap

Depth to water:_287-ft Seps%

(Ground surface)2BE,.7-ft Z3Jun®3 ! Elevation of reference point: [6%1.32-ft)

GEWERALIZED
STRATIGRAPHY

briller's
Log

0=10: SAMD and GRAVEL

10=55: SAND

55=T0: SAND and GRAVEL

TO=-30: SAND

FO0=120: SAKD ard GRAVEL
1201451 SAND

145=270: SAND and SILY 1
2702B4: SAND and CLAY
2BT=2AT: SANDY CLAY

287+340: GRAVEL and SAKD

REMEDIATION: JunTS, by Witt
Backfilled 313-338-ft,
Poured concrete plug, 308-313-fr,

Apre=Jun?é by Bultena/Evans
Perforated 0=20 and PO0-260-ft.
Installed packer gnd grouted.

Drawing By: RKL/2E24-13.ASE
Date :_D35ep®3

Reference : HANFORD WELLS

i

—

{top of cazing)
ground surface

pepth of surface seal
Type of surface seal:

and B-in {perforated) casing

B-in 1D carbon steel casing,
+HD=340=- 1t

[

0=20-ft, 2 euts/rd, 2 rdsffg
= f cuts/rd/ft

4-in Ib carbon steel Liner
+0,4=265-f¢

|

Hole dismeter, ¥-in nominal,
O=340-1t

S i e o, e i i

Packer set
| @ 265-ft

8-in casing perforations,

O=20-ft, 2 cuts/rd, 2 rds/fe
-ft, 2 cutsfrd/ft

270-338-ft, 6 holes/rd

=335 oles/rd

Concrete plug,
308-313-ft

Backfill,
313-338-1t

Barehole drilled depth:

Cement grout between &-in Liner

Perforated during remediation

Height of reference point abovel O.4-fr ]

[D-255-f1]

[_340-ft 1

C.t




SUMMARY GF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E24-13

299-E24-13

Hot spplicable

200 Aggregate Area Management Study

N 41,186.9 W 47,874.8 [17Sep?0-200€E]
N &46, 3565 E 2,247,344 [HANCONV]

N 136,037.6m E  575,300.8m [17Sep50-MADA3]

WELL DESIGHATION
RCRA FACILITY
CERCLA UNIT

HANFORD COORDIMATES
LAMBERT COORDIMATES

R T T T T

DATE DRILLED 1 Seps9

DEPTH DRILLED (GS) :  340-ft

MEASURED DEPTH (GS) :  ~308-ft 29Mar90
DEPTH TO WATER (GS) :  287-ft, Sepé9;

288,7-ft, 23Jun?3

8-in, carbon steel, MO=340-fr:

4-in, carbon steel, +0.4-265-ft

691.13-1t, [175ep%0-200E]

&90,7T7-ft, Brass cap [17Sep90-200E)

=20, 90-250 and 2T0=338-ft

Not applicable

FIELD IMSPECTION, 02Feb90,

&-im carbon steel casing. Capped and locked

18-in pad, identification stamped on brass cap in pad, mo pests.

In radiation zone, (type not documented).
AVAILABLE LOGS H briller

TV SCAN COMMENTS H 2FHar?0;
: Depths referenced to ground surface:
bepth to bottom: 308-ft.
bepth to water; 287-ft.
Suﬂurned casing, corrosionfescalefrust starting & 277.5-ft,
builds up from there,
Hot applicable
Hot applicable
55T Monthly water Level measurement, 2¥Hay?0=23Jun®3;
WHC ESEM w/l monitoring and operational sampling,
WHC TWRS radiation monitering,
PNL sitewide monitoring 93
PUMP TYPE z Herme decumented
HATNTEMANCE z

CASING DIAMETER

T

ELEY TOP CASING
ELEV GROUND SURFACE
PERFORATED IWTERVAL
SCREEMED INTERVAL
COMHENTS

BE BE #§ R B

DATE EVALUATED

EVAL RECOMMEMDATION
LISTED USE

CURRENT USER

48 BE BE EE



WELL CONSTRUCTION AMD COMPLETIOM SUMMARY

Brilling

Method:_Cable tool Hethod:
prilling Additives
Fluid Used: Water Used:
priller's WA State
Name:_W. Rodda

prilling ¥
Company:_ Hat decumented

Date Date

Sample Drive barrel

Lic Nr:_Not documented
Coampar
Lecat fon:Not docunented

WELL TEMFORARY M-41125
HUMBER:_299-E24-14 WELL WO:_ W-GTBOO
Hanford

Coordinates: WSS 1 EfU _W AT T99.3
State MADBAZ W L0158, E 575,523.8m
Coordinates: W G, S04 E_ 2,267,421

Start
Card #:fot documented =~ T RS

Elevation

Started: _31Junt® Complete: 23Julé9 Grourd surface: &%0.91-ft Brass cap
Depth to water: 285-f
(Ground surface) G-fr 25) | Elevation of reference point: [46%1.31-ft]

GEHERALTZED Oriller's
STRATIGRAPHY Log

5«60 SAND and GRAVEL

G0=45: SAND

65+113: SAND and SELT

113+125: Cse SAMD

125=135: SAND and SILT
135«136: Cse SAKD

1382602 SAND and SILT f
250+=265: SAMD, SILT and GRAVEL
265+275: SAND and SILT
2754277z SAMD, SILT and CLAY
27T=285: SAMD and CLAY
205+343: SAMD and GRAVEL

NOTE:

Background information

documents this well as

having had a Liner installed Julé?
Completion is assumed to have
been similar to other wells
remediated at the same time.

Ho documentation was found,

Drawing By:_ RK b=14_ ASH
Date -
Reference :_HAKFORD WELLS

Tl

u_: Borehole drilled depth:

|

|

{top of casing)
Height of reference point above[ D.4-fr ]
i_ ground surface

bDepth ef surface seal
Installation of surface
seal met documented.
Assumed to be be cement
grout between 4-in liner
snd &-in perforated casing.

[_KD 1

betails of remedlation
perforation and grouting
net documented.

&-in 10 carbon steel casing,
+HD=ND

+—— Hole diameter, 7-in nominal

Os+———} Packer setting not documented

Depth top of perforations:

bescription of perferations:

2r0-338-ft, &9 rds 8 & holes/rd

[ 343-ft 1
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGNATION
RCRA FACILITY
CERCLA UNIT |
HAHFORD COORDIMATES
LAMBERT COORDIMATES

DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (G3)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEV TOP CASING
ELEV GROUND SURFACE
PERFORATED INTERVAL
SCREENED INTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMENTS
DATE EVALUATED

EVAL RECOMMENDATION
LISTED USE

CURRENT USER

PUMP TYPE
MAINTEMANCE

TR Tl

e wE wE Ew

WE R m4 BE EE B8 B8 B0

RESOURCE PROTECTION WELL - 299-E24-14

299-E24-14

Mot epplicable

200 Aggregate Area Management Study

N 41,1251 W 47,799.3 [17Sep90-200€)

N 445,304 E 2,247,621  [HAMCONV];

MW 135,018.Bm E 575,323, Bn [175epP0-KADB3]
Juléy

343-ft

Hot documented

285-ft, Juls:

288.9-ft, 23Jund3

6-in, carbon steel, +HD=>338-ft:

4-in (assumed) carbon steel 0.4-ft=Not documented
691.31-1t, [175ep50-200€)

&90.91-ft, Brass cap [175ep?0-200E]

270+-338-ft

Not epplicable

FIELD INSPECTION,

briller

Mot applicable

Mot epplicable

Mot applicable

S5T Monthly water level measurement, 24JulP0-22Apr93;
WHC ESEM w/l monitoring,

WHC TWRE radiation manitoring

Hone documented

c11



WELL COMSTRUCTION AND COMPLETION SUMMARY

orilling Sample DOrive barrel
Method: _Cable tool Hethed: _K

brilling 200 W Water Ackd] tives

Flufd Used: Supnly Used: Mok documented
brilleris WA State

Mame: M, Thoresen Lie KHr:_Mat decumented
brilling Company
Company:_Kaiser Enginsers Location: Hanfard

Date Date

Started: 0PAuUgBY Complete: 275epd¥

WELL

HUMBER:_299-E25-1%
B 075.8 &7, 821
Coordinates: M/5 _M Efd M a
State MWADAS M _T%T_ _ﬁ_ﬁ'(?dé
Coordinates: H A}L E_2,247,398
Start

card #:_ Mot documented T R 5
Elevation

Ground surface: 690,84-ft (Brass cap)

TEMPORARYT
WELL HO:

Depth to water: .
{Greund surface)
GEMERALIZED Geologist's

STRAT IGRAPHY Log
Sleslightly

Oe=10: Muddy SAND

10=15: Gravelly suddy SAND
15«20: Gravelly SAND
20%25: SAND

25-30: 5| gravelly SAWD
30=45: Sandy GRAVEL

45=50: Gravelly SAMD
50=55: Sandy GRAVEL
56-58.3: Muddy SAND
56.34T0: SAKD

TO=95: Gravelly SAWD
5=110: Sandy GRAVEL
110=125: Gravelly SAND
125+135: SAND

1351452 51 gravelly SAND
145=150: SAND

150+155: 5L grevelly SAND
155=250: SAND

{Low level rad contamination,
187=191, and 195-200-f1)
51 gravelly SAND
255=250: Gravelly SAND

260=2752 SARD

275+280: MUD

280-290: Muddy sandy GRAVEL
2502951 SAND

295%303.2: Sandy GRAVEL

230235z

o

|

1

L)
|

W’

Jil | =
HudimifE
Tiajin e

i =]

I +—————| Elevation of reference point: [693.£5-Ft]

(top of casing)
Height of reference point sbovel _2,.8-ft 1
ground gurface

o

Depth of surface seal

Type of surface seal:

| Cement greut te 20.0-ft, has
L-fimk-find-in concrete pad
exterding 2.0-ft inte annulus

(2.0-20,0-f1)

4-in 10 stainless steel casing,
+0.5=279. 6-FE

Hole diameter,
11=in mominal

iR 0

ft, 9-in nominal

——1 Bentonite crumbles,

- 0-mesh

%-in bentonite pellet seal,
273, T-275.8-1t

Silica sand pack,
0.7=fr, 1é=30-mech

| 4-in [0 stainless steel screen

279.6=300.7-ft, #10-slot

With Channel Pack

Drawing By: RKL/2£24-19.A58
Date : 035ep®3
Referemce :_WHC-ME-020%

Borehole drilled depth: 300.7-ft)
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E24-19

WELL DESTGHNATION
CERCLA UNMIT

RCRA FACILITY
HANFORD COORDINATES
LAMBERT COORDINATES

DATE DRILLED

DEPTH DRILLED (GS)
HEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEV TOP CASING
ELEY GROUMD SURFACE
FERFORATED INTERWAL
SCREEMED INTERVAL
COMMENMTS

AVAILABLE LOGS

TV SCAN COMMEMTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE

CURRENT USER

PUMP TYPE
HAINTENANCE

TR T (LR R TE ]

(ORI

a% @@ @8 B8 S8 B8

299-E24-19

200 Aggregate Area Management Study
S5T WHA A-AX, 241-AX Tank Farm

N 41,075.8 W 47,821.4 [01Jan90-200E)
N 446,255  E 2,247,398  [HANCOWV]

N 136,003.8 E 575,317.2 [01Jan83-KADET]
Sepd9

300.7-ft

Hot documented
285.6-fr, 31Augd?;
288.9-ft, 24Jun?3

4-in stainless steel, +0.5-279.&-ft;
6-in stalnless steel, +2.8+70.5-ft

693.65-ft,

{01dan?d-200E]

670.84-ft, Brass cap [01Jan?0-200E]

Hot applicable

279.6-300.7-fr, 4-in #10-slot stainless steel;
FIELD INSPECTION, D&Feb?0;

Stainless steel casing.

L-fr by 4-ft concrete pad, 4 pests, 1 removable

capped and locked, brass cap in ped with well ID.
Mot in radiation zone.'

OTHER:

Geologist, driller
Mot applicable
Mot applicable
Hot applicable

$5T monthly water level measurements, D1DecBF=24Jun?3;
WHC ESEM wfl monitoring and RCRA sampling,
PHL sitewide monitoring %3

Hydrostar

C.13



WELL CORSTRUCTIOM AND COMPLETION SUMMARY

brilling Sarple Drive barrel WELL TEHPORARY

Hathod: Cable tool Hethod: Hard tool WUHBER:_279-E24-20 WELL MO:_NWaone
Briiil.inu Additives Hanfard

Fluid Used:_Raw water Used:_ Hone Coordinates: NfS M 41,2246 E/W _Ww 4B, 038
briller's WA State State KADAZ 135, D&%.&m &75,251.1m
Mame: K Qlson Lic Wr:_Mot documented | Coordinates: N L 405 E 2,267,181
bDrilling Compary Start

Company:_Kaiser Engineers Location:_Hanford Card #:_ Hot dscumented T R g

Date Date Elevation

Started:_31Jan?] Complete:_14iMar®l Grourd surface: &85.85-ft Brass cap

Depth to water: 281.6-ft Mar
{Ground surface) -1t 23 Jun@
GEMERALIZED Geologist's

STRATIGRAPHY Log
Sl=slightly

O0=5: (Not documented)

S5=15: &L silty gravelly SAND
15=20: Gravel ly SAND

20-22: SL silvy gravelly SAND
22=22.5: Gravelly SILT
22.5+35: Gravelly SAND

35-90: Sandy GRAVEL !
F0=R5: Gravelly SaND

F5=100: Sl gravelly SAKD
100-105: SAMD

105-115: Sandy GRAVEL

115+125: Gravelly SAKD
125=+130: Sandy GRAVEL

130-135: Gravelly SAND
135+140: SAND

140-160: Gravelly SAND
160+185; SAKD

185200
200=2103
210=215: Gravelly SAND
215=220: SAND

220=225: 51 gravelly SAND
225=230: SAND

51 gravelly SAND
SAND

I —

Elevation of reference point: [58%.28-ft)
(top of casing)
Helight of reference point above[ 3.43-ft )
ground surface

Depth of surfece seal

Type of surface seal:

Cement grout to 20.4=ft, has
4-frmb-fexb-in concrete ped
extending 3.0-ft inte arrmulus

[3.0420,4- f£]

4-in 1D stainless steel casing,
|

() -

Bentonite crumbles,
1B.3=269.3-ft, B~20-mesh

230-240: 5L gravelly SAND
260=250: Gravelly SAKD
230=2535: Sl gravelly SAND
255254 52 Gravelly SAND

264 5274 .5: SAND

274.5+275: Gravelly sandy SILT
273+290: Gravelly SAND
290:205: Sandy GRAVEL

2%5+=300: SAKD

300-304; Sandy GEA'-"EL_

Depth to bottom,
300,8- 194

% =in '?entunflt pellets,
249, 3374, -1t

Silica sand pack,
T4 7=300.5-ft, 20-L0-mesh

So=505.1-1t, B=12-mesh

L=fin ID stainless steel screen,

EFIE:EE?'J-“' #1d-slot
with channel pack

Drauing By: RE 4-20_AS
Date :
Reference : WHC-SO-EH-DP-031

Borehole drilled depth: [_306.0-ft)

-
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E24-20

2F9-E24-20

200 Aggregate Area Management Study
Single Shell Tanks

K £1,226 W 4B,038 [200E-245ep?1]
W 445,405 E 2,247,181 [HANCOMY]

W 136,049.4m E 575,251.1m [NAD&3-245ep91]

WELL DESIGHATION
CERCLA UNIT

RCRA FACILITY
HANFORD COORDIMATES
LAMBERT COORDINATES

=8 wm ows me aw

DATE DRILLED i Mar9l
DEPTH DRILLED (GS) :  304.0-ft
MEASURED DEPTH (G5) Mot documented

DEPTH TO WATER (GS) 281.6-ft, 13IMar?l;

283.7-ft, 23Jun93

4-in stainless steel, +0.7-279.2-ft;

&=-in stainless steel, +3.4+70.5-ft

&80 .28-1t, [NGVD 1 29-245epP1)

685.85-ft, Brass cap [NGVD'29-Z245ep?1]

Hot applicable

279.2-299.7-ft, 4-in #10-slot stainless steel, with channel pack
FIELD IMSPECTION, 19May93;:

4 and &-in stainless steel casing.

4-ft by &4-ft concrete pad, 4 posts, 1 removable,
Capped and locked, brass cap in pad with well 1D.
Hot in radiation zone.

OTHER:

Geologist, driller

Hot applicable

Hot applicable

Not applicable

CASING DIAMETER

as

ELEV TOP CASING
ELEY GROUND SURFACE
PERFORATED IMTERVAL
SCREENED INTERVAL
COMMENTS

BE #E BE wE w8

AVAILABLE LOGS

TV SCAM COMMENTS
DATE EVALUATED
EVAL RECOMHMEMDATION

wE EE ®E kB EE B8 B8 BS

LISTED USE S5T menthly water level measurement, 01Jun91+23Juns3;
CURREMT USER WHC ESEM w/l monitering end RCRA sampling,

PUMP TYPE Hydrostar

MATHTENAMCE
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WELL COMSTRUCTION AND COHMPLETIOM SUMMARY

prilling Sample
Mathod: Cable tool Wethod: _Hard tool (nem)
brilling Additives

Fluid Used:jot documented Used: W
priller's WA State

Wame:_Gentr
bri I.I.T%lg-

Comparny

Company:_ Mot documented  Lecation:Not decumented

Date Date

Started:__03Feb55 Complete: 25Feb55

Lic Nr:_Not decumented

WELL TEHPORARY

MUMBER: _2¥9-E25-1 WELL MO:_g2&1-A-#1
Hanford

Coordinates: /5 1,165.5 E/W W LT 7S5E.7
State WADEZ K 136, f E LN
Coordinates: N 456,345 E _ 2,247, 4450
Start

Card #: cumented T R g
Elevation

Ground surface: 690.21-ft Brass cap

Depth to water: -ft_FebSs
{Ground surface)

GEHMERALIZED
STRATIGRAPHY

priller's
Log

0=30: GRAVEL, BACKFILL

30-35: SAND, GRAVEL

I5+100: SAMD

100-125: SANO, Llitele SILY
125+130: SAND, SILT, some GRAVEL
130=2652 SAND, litele SILT
265=2T0: SAND 1
270=2T53: SAWD, SILT

273+2B3: SAWD, SILT, little CLAY
285+300: GRAVEL, SAND

300+-315: GRAVEL

315-322: SAND, GRAVEL, CORBLES
322 1 GRAVEL and SAND

—
i r

REMEDIATION:
Sep0ctTé, by Bultena/Evans
Set coment plug 310-315-ft.
Perforated 0-20 and 90-270-ft. 1
Installed packer and grouted. 4

Drawing By: BKL/2E25-01.ASE
Date 3 _035gpd3
Reference :_HARFORD WELLS

]

| Elevation of reference point:

[690,37-f1]
{top of casing)

Height of reference point above[ 0.36~-ft ]
ground surface

| Depth of surface seal 5-ft

Ivpe of surface seal:
| Cement grouit between &4-in liner
and B-in {perforated) casing

B-fn ID carbon stesl casing,
So=322-ft
Perforated during remediation,

0=20 & §0=270-ft, £ cuts/rdffe

&-in 10 carbon steel liner,

#0, L -

Hole diameter, 9-in nominal

Packer set:

B-in casing perforatians,

Q=20 & -f cuts/rd/ft
0=310- not decumented

Cemant plug,
0=315-ft
Fill, 315=522-ft

Borehole drilled depth:

C.16




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E25-1

299-E25-1

Hot applicable

200 Aggregate Area Management Study

W 41,155.5 W &7,7T58.7 [175ep%0-200E]
H 446,345 E 2,247,450 [HANCONV] ;

W 136,031.2m E  547,334.2m [175epP0-NADB3]

WELL DESIGMATIOM
RCRA FACILITY
CERCLA UNIT

HAMFORD COORDIMATES
LAMBERT COORDIHATES

DATE DRILLED 1 Feb55
DEPTH DRILL (GS) 3 322-1t
MEAS DEPTH (GS) 2 Mot documented
DEPTH WATER (GS) - 296-ft, FebS5:

r L]
288.2-ft, 23Jun93
B-in, carbon steel, 0=322-ft;
4-in, carbon steal, +0.34=235 or ~245-ft
&50.57-1t, [175ep¥0-200E)
690.21-ft, Brass cap [1TSep®0-200E]
0=20, 90+270 and 280-310-ft
Mot applicable :
FIELD INSPECTION, 02Feb?0,
4=in carbon steel casing. Capped and locked
18-in pad with identifeation stamed on brass marker in pad, no posts.
In surface radiation zone.
Cement plug 310-315-ft
AVAILABLE LOGS 1 Driller
TV SCAN COMHENTS 14Feb?0 = 4=-in liner in good condition with some cement on surface.
Cazing below water has heavy scale.
Hot applicable
Hot applicable
55T monthly water level measurement, 12Jul74+-23Jun93;
WHC ESEM w/l menitoring,
UHC TWRS radiation monitoring
None documented

CASING DIAMETER

ELEV TOP CASING
ELEY GROUND SURFACE
PERFORATED IWTERVAL
SCREENED TNTERVAL
COMMENTS

48 B @B wE wE

DATE EVALUATED

EVAL RECOMMENDATIOM
LISTED USE

CURRENT USER

PUMP TYPE
HMATNTENANCE

an s
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WELL CONSTRUCTEON AKD COMPLETION SUMMARY

orilling Sample WELL TEMPORARY

Method: Cable toal Methed: Hard tool (mom} | MUMBER: 299-E25-2 WELL WO:_215-A-1 #6
brilling Additives Hanfard

Fluid Used:_Water Used: Hot documented Coordinates: H/5 _N &1,265.5 EfW _W &7, 175.1
oriller's UA State State MADAS W 134, 062.2m E 575, 514.0m
Hame: Row/Richards Lie Wr:_Hot documented Coordinates; W bid A& E __ 2,248,044
Brilling Company Start

Company:__ Not documented Location:Mot decumented | Card #:Mot documented T R 5

Date Date Elevation

Started:_ 03FebS& Complete:_15Mar5s Ground surface:_&73.6-ft Estimated

Depth to water: 285-ft Har55

(Ground surface)2Vl. 3-ft 24Jun@3 I | Elevation of reference paint: [575.65-ft)

GEMERALIZED Briller's
STRATIGRAPHY  Leg

(top of casing)

! Height of reference point above[_1,9-ft 1

1 . ground surface

G-10: TOP SOIL and SAND
10~30: Sandy SILT

30=33: SAND and GRAVEL
33=50: Sandy SILT

S0-560: SAND, SILT

&0=B5: Sandy SILT
B5=115: SARD, SILT
115«122: GRAVEL

1228+135: Sandy SILT
135=205: SAND and SILT
205=210: GRAVEL

210250 GRAVEL, SAND
260-270: SILY, SAND
270=275: GRAVEL and SILT
275+=290: GRAVEL

290+315: GRAVEL and SAND
315+320: SAKD

320=330; GRAVEL and SAND
330-335: GRAVEL

335:340: GRAVEL, SAND
3L0-355: GRAVEL, SAND, SILT
354-385: GRAVEL, SAND, MUD
365-375: BASALT

REMEOTATIOM:
JanB2, by David Garcia?
Perforated 0=235-ft.
Set &-in liner to 239-ft.

Poured 10-gals of fine sand,
then 18-gals of cement and

checked for leaks. Completed
with 200-gals of thin grout.

o 0 - T8 4

+1.9-fr=240- ft

1 =

Sand plug
"230=240-ft

Packer set:

J_

- =235t

DTE="315-ft.

Fer

i bepth of surface seal [_0=235-f¢]

Type of surface seal:
! Cement grout betwsen &-in Liner
and 8-in {perforated) casing

8-in ID carbon steel casing,

Perforated Buring remasdiation,
O-235-1t, 2 cuts/ft

+—! &-in ID carbon steal liner,

Hole diameter, 9-in neminal

8-in casing perferations,
3 2r&m316-ft, & holes/ft —

interval shortened, 14Mar%0 .
Added 14-sacks sand T

REPG =37 Vsl
“f

i
ngﬂﬂhiﬁ —_— Huluzg;a:eter. &-in nominal
TR REIE 354+375-ft
" ! Borehole drilled depth: [_373-f¢ 1

Drawing By: EKLEEEES-Df_ASE
Date i

Reference :_HANFORD WELLS
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGMATION
RCRA FACILITY
CERCLA UNIT

T L]

HAHFORD COORDIMATES :

LAMBERT COORDIMATES

DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEV TOP CASING
ELEV GROUND SURFACE
PERFORATED IMTERVAL
SCREEMED INTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMERTS
DATE EVALUATED
EVAL RECOMMENDATIOH
LISTED USE

CURRENT USER

PUMP TYPE
MATHTEMANCE

W B R R ]

#4 B4 B8 wR o Em

[T

RESOURCE PROTECTION WELL - 299-E25-2

E99-E25-2
Hot epplicable
200 Aggregate Area Management Study -

W 41,285.5 MW &7,175.1 [175epd0-200E)
M 446,446 E 2,248,044  [HANCONV];

H 136,062.2m E  575,514.0m [17SepP0-MADEI)
Mar5s

37s-ft

Hot documented

2B5-ft, Mar5s;

271.3-ft, 24Jun%3

B-in, carbon steel, “+1=3&4-ft;

&-in, carbon steel, +1.9=240-f¢

675.45-ft, [175ep?0-200E)

&673,.6-ft, Estimated

0=235 and 2T76=3156-ft

Hot applicable

FIELD INSPECTION, 13May®1,

& and 8-in carbon steel casing. Capped and locked
Ho pad, no posts. no permanent identification.

In surface radiation zome.

Driller .

Mot applicable

Mot applicable

Not epplicable

S5T monthly water level measurement, 29Mar56<24Jun¥3;
WHC ESEM w/l monitering,

Electric submersible.

14Mar90 - Added 14 sacks sand. DTB=317.8-ft (TOC).
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WELL CORSTRUCTION AWD COMPLETIOH SUMMARY

prilling Sample

Method: _Cable tool Hethed: War

brilling hdditives

Fluid Used:_Water Used:_ Hot documented
briller's WA State

Hame: Stons Lic Mr:_Hot documented
Drillimg ompany

Company:_ Mot documented Lu:ati_nn:Hut documented
Date Date

Started:__10JunS8 Complete: O3JulS8

WELL TEHPORARY
NUMBER: _209-E35-10 WELL W:
Hanford

Coordinates: M/5 _N 42,000 E/W _M 45,900

State

Coordinates: M __ 447,181  E _ 2,208,317
Start

Card #:Mot documented T B 5
Elevation

Ground surface: 653.95-ft Brass cap

Depth

to water:_256-ft Jul58
(Grourd surface)251.8-fr 17Jun93
GEMERAL I ZED
STRATIGRAFHY

briller's
Log

5+10; SAND

10=20:
20=25:
25+35;
35-50;
5080
BO-85:
BES+F0:

F0+105: CEHEMT and GRAVEL
106+110:
110=130:
130=150:
150=155:
155=185:
185=190:
190=-195:
195=200:
200=210:
210-215:
215=230:
230215
235=245;
2452503
250=240:
250265
265=270:
2T0-275;
275=285:
25290
2P0-297 1

273-

SAMD amd GRAVEL

SAND

SAND ard GRAVEL

SAND

GRAVEL

CEMENT and GRAVEL Y
CEMENT, GRAVEL end SAKD

CEMENT, GRAVEL amd SAND
CEMENT and GRAVEL
SAMD amd GRAVEL
GRAVEL

SAND arel GRAVEL
GRAVEL and COBBLE
SARD

GRAVEL

SAND and GRAVEL
GRAVEL

GRAVEL and COBBLE
GRAVEL

CEMEMT, GRAVEL and CLAY
GRAVEL

GRAVEL and CLAY
CLAY

GRAVEL

SAND and GRAVEL
GRAVEL

SAMD and GRAVEL
GRAVEL

bl
== | Depth of surface seal

—_— ﬂ;in I

l +———| Elevation of reference paint: [£55.84-ft)

{top of casing)

| Height of reference point abovel[ 1.9-ft 1
r‘ ground surface

[_ND b]

Ko surface seal documented -

Casing has 2-ft round collar

carbon steel casing,

4

«—| Hole diameter, ¥-in nominal

0=203-ft

: SAND

PR I

3

3

-

| B-in casing perforations,
- & cutsfrd/ft

Drawing By:_REL/2E25-10.ASE
:_O07Sepy3

Reference : WANFORD WELLS

..l.,_
J f+——-| Borehole drilled depth:

[ 293-ft ]
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGNATIOM
RCRA FACILITY
CERCLA UNIT

HAMFORD COORDINATES
LAMBERT COORDIMATES
DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER
ELEV TOP CASING

ELEV GROUND SURFACE :

FERFORATED IMTERVAL
SCREEMED INTERVAL
COMMENTS

AVAILABLE LoGs

TV SCAN COMMENWTS
DATE EVALUATED

EVAL RECOMHEMDATION
LISTED USE

CURRENT USER -
PUMP TYPE
HATHTENANCE

BF EE BE EE BN N 80

RESOURCE PROTECTION WELL - 299-E25-10

299-E25-10

A-2% Ditch

200 Aggregate Area Management $tudy
N 42,000 W 456,900

N 447,181 E 2,248,317 [HANCONV]
Jul5d

293-ft

Hot documented

255-ft, Jul58:

251.8-ft, 1TJun%3

&-in, carbon steel, +1.9=293-ft

655, 84-Ft, [15May84]
653.95-ft, Brass cap [13MayB4&]
226291 ft v =

Hot epplicable

FIELD INSPECTION, 23AugB9,

8-in carbon steel casing. Capped and lLocked
2-ft pad, no posts.

briller

Hot applicable

Hot applicable

Hot applicable

AZ? Diteh Quarterly water level measurement, 11JulB4=17Jun?3;
WHC ESEM w/fl monitoring,

Electric submersible

c21



WELL CONSTRUCTIOH AMD COMPLETION SUMMARY

prilling Sample
Hethod: _Cable tool Method: Hard tecl {nom}
brilling Additives

Fluid Used:lot documented  Used:_ Mot documented
briller's WA State

Mame: 5t George Lic Mr:_Mot decumented
prilling Companry

Company:_ Smith E Sens Lecation:Mot documented
Date Date

Started:_ 17Seps3 Complete: 150cthd

WELL TEMPORARY
HUMBER:_299-E25-13 WELL WOz
Hanford

Cosrdinates: /S N &1.544.6 E/M W AT 6696
State

Coordinates: N __ 446,705  E _2,247,560
Start

Card #:Mot documented T__R 5
Elevation

Grourd surface: &682.12-ft Brass cap

Depth to water:_271-ft Octél
(Ground surface)280.0-ft 23Junf3

GEMERALIZED
STRAT IGRAPHY

briller's
Log

O=40: Silty SAND

L0=70: Silry SAND, some GRAVEL
T0=TS: Silty SAND

75+=B0; COBBLES

BO+=115: Silty SAND

115=120: Silty SAND, GRAVEL
120=135: Silty SAND, COBBLES
135=170: Silty SAND

170=173: Silty SAND, GRAVEL
175«255: Silty SAND

255=280: Silty SAND, CLAY
260=2T5: CLAY

2T5=285: SILT and SAMD
285-317: Silty SAND ard GRAVEL

NOTE:
Depth to water based en an
eriginal greund surface of
671-fe. Tem feet of fill
was added to this site after
completion af the well.

REMEDTATION:
Sepié, by Bultena/Evans
Perforated 0-20 and P0-236-ft.
Set packer to 2Z31-ft ard .

Elevation of reference point: [682,43-1¢]
(top of casing)
Height of reference point abovel _0,3-ft ]
ground surface

bepth of surface seal

Type of surface seal:

Cement grout between &4-in liner
and B-in (perforated) casing

[ 0-g0-f3 )

B-fin ;nf:arbun steal casing
“O=317-fE

Perforated during remediation,
v =ft, 2 cuks ft

4-in 10 carbon steel liner,
+0 . 3=251-ft

Hole diameter, 9-in nominal
0=317-ft

Packer set:

grouted,

a 251-ft

B-in casing perforations,

% 0 & 90=236-fr, & eutafrd/ft
256=305-ft, & cutz/rd
305-315-ft, & cuts/rd

Drawing By:_REL/2EZS5-13.A58
Date 075e

Reference ; HAWNFORD WELLS

Depth to bottom,
317-fr (W), 2

4| Borehole drilled depth: 17-ft

C.22




WELL DESIGHATION
RCRA FACILITY
CERCLA UNIT

HANFORD COORDINATES
LAMBERT COORDIMATES

DATE DRILLED

DEPTH DRILLED (GS}
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEV TOP CASING
ELEV GROUMD SURFACE
PERFORATED INTERVAL
SCREEMED INTERVAL
COMMENTS

AVAILABLE LoOGS
TV SCAM COHMEMTS

DATE EVALUATED

EVAL RECOMMENDATION
LISTED USE
CURRENT USER

PUMP TYPE
HATHTENANCE

SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

BEoEE R R ew

e wE

RESOURCE PROTECTION WELL - 299-E25-13

299-E25-13
85T

200 Aggregate Area Management Study. -

N 41,5246 W

N L4, 705 E 2,

W 136,140.Tm E
Octé3

I7-ft

Kot documented
2r1-ft, Octé3;
280.0-fr, 23Jund3

47,669.6 [175epP0-200E]
24T, 549 [HAMCONV]
575,353.0m [175ep0-HADA3]

8-in, carbon steel, 0=317-ft:
4=in, carbon steel, +0.3=198 or "251-ft

682.43-ft,

[175ep90- 200€)

582.12-ft, Brass cap [175ep90-200E]
0=20, 90-234 and 256~315-f1

Hot epplicable
FIELD INSPECTION,

02Febd0,

4-in carbon steel casing. Capped Bnd locked

18=in pad with identification stamped on brass marker in pad.

In surface radiation zone,

briller
2MMardl;
DTW=277.5-ft
DTE=317-ft

Vadose casing has scale starting @ 262.4-ft.

Perforations start & 209.9-ft.

Hot applicable
Hot applicable

85T Honthly water levels measurement, 22Marf0+23Jun3;

WHC ESEH w/fl menitering,
PHL sitewide sampling 93

Hone documented

Cc.23
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WELL COMSTRUCTION AND COMPLETEON SUMMARY

britling sample WELL TEMPORARY
Hethod:_Cable toal Method: Har WUMBER:_2%9-E25-15 WELL WOz

brilling Additives Ranford

Fluid Used:Not documented Used:Kot_documented | Coordinates: Wf5 _W &1,125.0 En g é?!ﬁjii
pDriller's WA State Scate HADRT W 134, ,018.9a E e .
e Lic Wr:_Mot documented | Coordinates: N A&5,305 E__ 2,247,569
orilling Cempany Seart

Company:__Mot documented  Location:dot documented | Card #:Not documented T R ]

Date Date Elevation

Started: __23Julé? Complete: 14Auch® Ground surface: 689.31-ft Brass ca

Depth to water: o

{Ground surface) | Elevation of reference point: [£8%,73-f1]

{top of casing}
GEMERALIZED  Driller's | Height of reference point above[ 0.43-ft ]
STRATIGRAPHY  Log I ‘1 r_- ground surface
b

D=£5: SAND and SILT

£5=85; SAND, GRAVEL amd SILT
BE=275: SAMD and SILT
275=280: Sandy CLAY

280=32%3: SARD and GRAVEL
323+325: SARD

325+340: SAND and GRAVEL

| Depth of surface seal
Type of surface seal:

[ O=20-ft ]

4+———— Cement grout betwsen &-in liner

and B-in {parforated) cazing
18-in round collar

——1 B-in 10 carbon steel cazing,

Perforated d!alr;nn remediation,
= t

44— 4={n ID carbon steel liner,

+0.4=265-f¢

! Hole diameter, 9-in neminal

Q3403

m+——] Packer set,

—| &-in casing perforations,
0-20 & 90-260-fr, 2 cutsfrd/ft
270-338-ft, & cuts/rdffr

i Depth to bottom,
294.5-Ft(Tv), 27Harsd

REMEDIATION: 3 -
OctTh, Bultena/Evans 1 r
Perforated 0=20, 90=260-ft 1 ]
set packer and grouted. 1 '
L -
¥ r
-'II I'
fafs
ifaf
LFE 2 I
(R
gie
|
Drawing By: REL/ZE25-15.A%8
Date :

Reference : HANEORD WELLS

i Borehole drilled depth: [ 350-ft )

C.24




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E25-15

299-E25-15

55T

200 Aggregate Area Management St

N 41,125.0 W  47,651.2 (17Sep?0-200€)
N 446,305 E 2,247,569  [HANCOWV]

N 136,018.9m E  575,349.0m [17Sep90-NADE3]

WELL DESIGMATION
RCRA FACILITY
CERCLA UNIT

HAHFORD COCRDIMATES
LAMBERT COORDIMATES

TR TETET

DATE DRILLED i Augd?
DEPTH DRILLED (GS) : 340-ft
MEASURED DEPTH (GS) : Hot documented
DEPTH TO WATER (G5) : 285-fr, Augéy;

287 3-fr, 23Jund3

8-in, carbon steel, 0=340-ft;

4-in, carbon steel, +0.42-255-ft
£89.73-ft, [175ep90-200€]
68%.31-ft, Brass cep [175ep?0-200E]

0-20, 90240 and 270-338-{t

Mot applicable

FIELD INSPECTION, 02Feb®0,

4-in carbon steel casing. Capped and locked
18-in pad, identification stamped on brass marker in pad, no posts.
In temporary radiation zone.

CASING DIAMETER

ELEV TOP CASING
ELEY GROUND SURFACE
PERFORATED INTERVAL
SCREENED INTERVAL
COMMENTS

R L

AVAILABLE LOGS H Driller

TV SCAN COMMENTS i 2MHar90;
DTW=284-ft, Much suspended debris.
DTB=294.5=-ft.

Perforations start @ 240.8-f¢,
Scale end rust starting @ 271.6-ft.
DATE EVALUATED Mot epplicable
EVAL RECOMMENDATION : Not applicable
LISTED USE 55T Monthly water level measurement, 30Apr90=23Jun¥3;

CURRENT USER H WHC ES&M w/l monitering and TWRS radiatien monitoring
PUMP TYPE H Hene documented
HAINTENANCE [

C.25



WELL COMSTRUCTION AMD COMPLETION SUMMARY

orilling Sample WELL TEMPORARY
Method: Ceble toal  Method: Drive barrel | WUMBER: _299-E25-40 HELL MO:
Drilling 200 W Water Additives Hanford

Fluid Wsed: Supply Uzed: Mot dacumented Coordimates: N/S MW &7,T59.4 E..I"H M AT 33
briller's WA State State MWADAT M 13& Z12.6m

Wame: L, Matking Lic Nri_Wot documented | Coordinates: M 452, 950 I 2,247,868
orilling Comparvy Start
l.‘,l;mm;l-uru\I Ksiser Engineers Location:_Manfor Card #:_Not cdocumented T R 5
Date Date Elevation

Started: O0Taugl? Complete: 185cpa7 Ground surface: -fr (Brass ca

Depth to water: 257 4=
(Ground surface) 1

] 4= | Elevation of reference point:

[565.71-ft]
{top of casing)

GEHERALIZED Geologist's | Height of reference point abovel 2.9-fr ]
STRATIGRAPHY Log nro'.rld surface
Sl=slightly

Depth of surface seal 2. 0=20.3-ft
O==40: SAWD, trace COBBLES Type of surface seal:

25 and 20-ft Cement grout, 2.0=20.3-ft
40=45: Sandy GRAVEL buk-ft x b-in concrete pad
L5=a5: SAND extends 2.0-ft into annulus
G5=T5: Sl gravelly SAKD
T5=80: Sandy GRAVEL
BO=100: Gravelly SAND ¥
100=165: SAND
165=175: 51 gravelly SAND 4-in 10 stainless steel casing,
175=195: SAND #1,25=252. 0=t
195+210: Sandy GRAVEL
210-220: 5l gravelly SAND
220=250; BAND Hole diameter,
250=255: Sl muddy SAND 0=1463.6-ft, 11-in
255=250: MUD L3, L 0= f =in_noming
250-2485: Sl gravelly SAND
265=2T4: Sandy GRAVEL

Bentonite crumbles,
20.3e2id B-ft, B-20-mesh
=im Volelay bentonite tablets,
[ B.4-ft
Silica sand pack,
258, 4+E T4 0-1t, 16+30-mesh
4-in stainless steel screen,
252.0=273.0-ft, #10-slot
wichannel pack
Borehole drilled depth: [j_?_f:__ﬂ-_ft]
Drauing By: E!HEE;E-LDJSE
Date :_D35eph3

Reference :_WHC-MR-020%

C.26




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E25-40

WELL DESIGMATION
CERCLA UNIT

RCRA FACILITY
HANFORD COORDIMATES
LAMEERT COORDIMATES

DATE DRILLED

DEPTH DRILLED (G5}
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEY TOP CASING
ELEY GROUND SURFACE
PERFORATED INWTERVAL
SCREEMED INTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE

CURRENT USER

PUMP TYPE
HATHTENANCE

@8 EE BB aR W

wE Bw =y wm @R

BE mE W B BE @B B

299-E25-40
200 Aggregate Area

Management Study

55T WMA A-AX, 241-AX Tamk Farm

H AT, T59.6 W

N 452, 9460 E2,
N 136,212.6m E
Sepld

274.0-ft

Hot documented
257.4-Ft, 31Aughy:
260.7-ft, 24Jund3

47,334.8  [04Jarf0-200E]
247, B48:  [HANCONV]
575,454.9m [04Jan?09-HADET]

&-in stainless steel, +1.25«252.0-ft:
&-in stainless steel, +2.9~70.5-ft

865.T1-ft,
&£62.80-ft, Brass ¢
Mot applicable
252.0+273.0-ft, &-

[04Jan90-200€]
ap [04Jan90-200€]

in #10-slot stainless steel w/channel pack

FIELD IMSPECTION, 02Feb%0;

Stainless steel ca
capped and leocked,
Mot in radiation 2
OTHER:

Geclogist, driller
Hot applicable
Hat lpﬁllcabi!
Hot epplicable
55T monthly water
WHC ESEM w/l monit
Hydrostar

sing. &4-ft by &-ft concrete pad, & posts, 1 removable
brass cap in pad with well 1D.
one,

level measurement, 01Dec89=24Jun¥3;
orimg and RCRA sampling

Cc.27



WELL COWSTRUCTION AND COMPLETION SUMMARY

prilling Sample Drive barrel WELL TEMPORARY
Method:_Ceble tool Hethod: Hard tool MUMBER :_gF9-E25-41 WELL MO:
prilling 200 W Water Additives Hanford

Fluid Used:_Supply Used: MW Coordinates: M/S &1, 54 E/W _W 47,330.9
briller's WA Stntews State HADAS N 186, E m
Mame: €. Whamsl Lie Kr: Mot documented Coordinates: M L5, T22 E _2 26&7 BB3
prilling Company Start

Compary:_Kaiser Engineers Lecatien: Hanfard Card W:_ Not documented T R 5

Date Date Elevation

Started: D8AughH? Complete: 225epfS Ground surface: 668.10-ft (Brass cap)

Depth to water:_262.2-ft Sepf?

(Ground surface)gdss 0-ft 1PAugh3 I +—— Elevation of reference point: 7 -fe

(top of casing)

GENERALIZED Geologist's I—] Height of reference point abovel 3.2-ft 1

STRATIGRAPHY Log greund surface
Sl=slightly

| Depth of surface seal [2.0=17.5-ft]
0=~15: SAND Type of surface seal:

15+20: S| muddy SAND

20-30: Sandy GRAVEL

I0-40: SAKD

L0452 Muddy sardy GRAVEL
£5+50: S| gravelly SAND
Sl=&0: SAKD :
60+=T0: Sl gravelly SamD

Cement grout, 2.0=17.5-ft
Lub-ft ¥ é-in conerete pad
extends 2.0-ft inta annulus

TO=B0: Gravelly SAMD +————1 &-in I0 stainless steel casing,
BO=85: S| gravelly SAND #1255 3-1¢

B5=100: Gravelly SAND
100=120: sanD
120130z Interbedded SAKD-muddy SAND

Hole d1am¢-ter

130-180: SAND — 11-in_nominal
180=190: 51 gravelly SAND —| t, ¥-in neminal
1902001 SAKD

200-210: Sandy GRAVEL

210+220: Gravelly SAND

220+2%0: Muddy sandy CRAVEL i

2302552 Gravelly SanD e | Bepitanite crumbles,
255+265: Sandy MUD i 17.5= =f 0-mesh

265270 Huddy sandy GRAVEL
2T0-279: Sandy GRAVEL

=in Volclay bentonite tablets
te—— ! 24B.T%252.4-ft

{ Silica sand pack,
252, 4=279.0-ft, ‘l&HED_EE

i 4-in stainless steel screen,

£55,3=276.3-fr, #i0-slot
w/channel pack

Borehole drilled depth: [_279.0-ft]

Drawing By: REL/2E2S-41.ASE
Date H

Reference : MWEC-MR-

C.28




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E25-41

WELL DESIGNATION
CERCLA UMIT

RCRA FACILITY
HANFORD COORDIMATES
LAMBERT COORDINATES

DATE DRILLED ;
DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEV TOP CASING
ELEY GROUND SURFACE
PERFORATED IMTERWAL
SCREEMED INTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAM COMMEKTS
DATE EVALUATED

EVAL RECOMMEWDATION
LISTED USE

CURRENT USER

PUHP TYPE
MATHTEHAMCE

CEREE N T

s wa

- w8 e me s wm

BE EE ER EE

299-E25-41

200 Aggregate Area Management 5tudy
S5T WHA A-AX, 241-AX Tank Farm

N 41,541.8 W

N 446,722 E 2,247,888
N 136,146.2m E 575,
Sepd9

279.0-ft

Hot documented
262.2-ft, 225ep89;
266.0-ft, 19Aug93
4-in stainless steel,
&-in stainless steel,
671.26-11t

668, 10-ft (Brass cap)
Kot applicable

47,330.9 (04 Jan90-200E]

[HANCONY]
466.3m [04Jan90-MADB3]

+2.1-255.3-f¢;
+3,2+70.5-ft

255.3-276.3-ft, 4-in #10-slot stainless steel w/channel pack
FIELD INSPECTION, 02Feb%0;

Stainless steel casing.

4-ft by 4-ft concrete pad, & pests, 1 removable

capped and locked, brass cap in pad With well ID.

Kot in radiation zone.

OTHER =

Geologist, driller
Hat licable

Hot applicable
Hot applicable

85T monthly water level measurement, 010ecB9=19Aug®3;
WHC ESEM W/l monitering and RCRA sampling

Hydrostar

C.29



WELL COKETRUCTION AND COMPLETION SUMMARY

prilling Sample Drive barrel WELL TEMPCRARY

Method: Cable tool Method:_Hard tosl HUMBER: 299-E25-42 WELL MOz

brilling 200 W Water Rdditives Hanfel

Fluid Used: Supply Used: Hong Coordinates: M/S i E/M _W 45 A
brilleris WA State State WADBS MW 135,887.8m  E ‘]ﬁ:&%%gﬁ
Hm:_‘ﬂ tiple Lie Mr:_Mot decumented | Coordinates: B __ 445,874 E 2,868,400
orilling Company Start

Comparyy:_Kaiser Enginssrs Location:_Hanford Card #:_ NWot documented T R 3

Date Date Elevation

Started:_13Jun@1 Complete:  26ALgT1 Ground surface: &679.21-ft (Brass cap)

Depth to water:_2754.2-ft Jul®l

(Ground surface)2?7.2-ft 22Jun93 [ +—————| Elevation of reference point: [4B3.04-ft]

GEMERALIZED Geologist's
STRATIGRAFPHY Log
slealightly

O=15: SARD

15=30: Gravelly SAND
3050z SAND

50-55: Sandy GRAVEL
55=60;: Gravelly SAND
&0=T5: 5L gravelly SAND
T5=115 SAND .
115=120: Mot documented (Mo sample?)
120-125: SAMD

125-130: 51 gravelly SAND

130=140: SAKD

1401502 S0 gravelly SAND

150180 SAKD

180-+195: 81 gravelly SAND

1¥5=215: SAKD

215«240: Sandy GRAVEL

240-250: SAND

2302851 51 gravelly SAND

285294, 71 Gravelly SAND

g
fefi it

whietinfafy

(top of casing)

{ Height of reference point above[ 3.85-ft ]
I ground surface

{ Depth of surface seal [2.0=20.2-11)
Type of surface seal:

1 Cement grout, 2.0=20.2-ft

Lxb-ft X &-in concrete pad
extends 2.0-ft into annulus

Hole dismeter,

Vi =ft, 13-in nominal
0. 1=186.6-F8, 11-i i
1566, 64274

| &=in ID T304 stainless steel cazing,
+|i!wﬁ?|§-f;

1]
:

+——1 Bentonite crumbles,

20.2-257.5-ft, B=20-mesh

-in bentonite pellets,
257.3-261.8-ft

| Silica sand pack,
251.8+292 .B-Ft, 10=20-mash

&7 . E-28

&-in T304 stainless steel screen,
267.6-288,9-fr, Wa0-slot

Eill,

E

Drawing By:_RKL/2E25-42.A%8
3

Date :_DBSepS
Reference: WHC-SD-EW-DP-047

| Borehole drilled depth: T-ft
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGNATION
CERCLA UNIT

RCRA FACILITY
HANFORD CODORDINATES
LAMBERT COCRDINATES

DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEV TOP CASING
ELEV GROUND SURFACE

LR T T

PERFORATED INTERVAL :

SCREEMED IWTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMEHWDATION
LISTED USE

CURRENMT USER

PLUMP TYPE
MATMTEMANCE

BE BE ®E B8 BE 8

RESOURCE PROTECTION WELL - 299-E25-42

299-E25-42
200 Aggregate Area Management Study
55T 241 AP Tank Farm

N 40,6921 W 46,820.1 [200E-310ct91]
N &45 BTS E 2,248,400 [HANCONY]

N 1535 ,BE7.6m E  575,622.8m [NADB3-20May92]
Aug®1

294.7-1t

289.0-ft, 09Apr93

274 2-Ft, 1TJul™

erf.e-ft, 22Jun?3

&=in stainless steel, +HD-257.6-fc;

&-in stainless steel, +3.85+70,5-ft

683.29-1t, [HEVD '29-310e192]
&79.71-ft, Brass cep [HGVD'29-310ct92]

Hot licable

24T 6-288.9-ft, &-in #20-slot stalnless steel;
FIELD IMSPECTION, 09Apr93;

4 and &-in stainless steel casing.

4-ft by 4-ft concrete pad, 4 posts, 1 removable,
Capped and locked, brass cap in pad with well ID.
Hot in radiation zone.

OTHER:

Gealogist

Not applicable

Hot applicable

Hot applicable

A-29 Ditch monthly water level measurement, D1HovP1=22Jun3;
WHC ESEM w/fl monitoring and RCRA sampling,

PHL sitewide sampling 93

Hydrostar, intake at 2B3.6-ft (GS)
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WELL COMSTRUCTEION AMD COMPLETION SUMMARY

brilling Sample WELL TEMPORARY

Hethod: Elhll ool Method: Drive barrel MUMBER: 299-E25-4& WELL HWO:

brilling Additives Hanford

Fluid Used: Raw water Uged: Well guard lube Coordinates: M/S8 M 40, 946.17 EfW

briller's WA State State WADAZ N 135,963,785 .91m]
Mame: L Watkins/G. Lyden Lic Nr:_Mot documented | Coordinates: M 446,126 E_ 2 Zii‘ 539
brilling Company’ Start

Company:_Kaiser Enginsers Location:_Hanford Card #:__ Mot decumented T R 5

Date Date Elevation

Started: _13Jul9: Complete:_10Augf2 Ground surfece:_&691.7%-ft (Brass cap)

Depth to water: 288.4-ft 10Augh2

{Ground surface) 289, 6-ft 34 Junf3 [ +————1 Elevation of reference point: [£94.81-ft]

GEMERALIZED Geologist's
STRATIGRAPHY Log

00,642 PEBBLE Lens
0.6=5: Silty SAND w/occ PEBBLE
5+12.5: Pebble silty ZAND
12.520; Silty cobble pebble SAKD
20+70: Silty pebble SAND

(SILT lens @ 22-ft)
70-80: Silty cobble pebble SAKD
B5~110; Gravelly silty SAND
110+134: Silty pebble SAND
134=175: Silty SAND

(PEBBLE lens 2 154.5-ft)

175+201: Silty pebble SAND
201=235: Silty SAND
23542407 Silty pebble SAND
260-2T5: Silty SAND
273=~278.5: SILT
278.5-310.3: Silty cobble pebble SAND

{top of casing)
Height of reference paint ebovel 3.02-ft ]
s ground surface

| Bepth of surface seal

Type of surface seal:
Cement grout, 2.0-11.2-ft
Lxb-fr x &-in concrete pad
exterds 2.0-ft into annulus

[2.0=11.2-f¢]

Hole diﬂ;tll"is s
B-ft1, =10 Dol na
6. B-ft, 11-in nominal

156, B-310,3-Fr, 9-in nominal

4=in ID T304 Schedule 5,
suinlﬂsnsgezl cazing,
t

Bentenite crumbles,
11.2=27%.2-f =

%-in bentenite pellets,
279, 2.282.5-1t

Silici sand pack,

L=in stainless steel screen,

285,0-306.3-Ft, #10-5lot

Eill,
308.8+310,3- 4

Drawing By: RKL/ZE25-46.A58
Date ;.0

Reference : “EN-[F-

} Borehole drilled depth: [_310.3-f¢)

C.32



SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGMATION
RCRA FACILITY
CERCLA UMIT

HANFORD COORDIMATES
LAMBERT COORDIMATES

DATE DRILLED
DEPTH DRILLED (GS)
MEASURED DEPTH (GS)

B @8 B8 88 &8

DEPTH TO WATER (GS5) :

CASING DIAMETER

ELEY TOP CASING

ELEV GROUMD SURFACE :

PERFORATED ITHTERVAL
SCREENED INTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMEMDAT[OM
LISTED USE

CURRENT USER

PUMP TYPE
MATHTERANCE

e 1}

w8

RESOURCE PROTECTION WELL - 299-E25-46

eFe-E25-45

AZ9 Evaporator

Hot epplicable

N &0,9464.17 W 47,681.51
K 446,124 E 2,247,539

W 135,659.15m E  576,185.55m
Aug®2

30.3-ft

306.6-ft, 19Hay?3

288.4-ft, 10Augs?

289.6-fr, 24Jun?3

&-im, stainless steel, +3.0=70.5-ft;

4-in, stainless steel, +1.,3-284.0-ft

694.81-ft, [215ep?2 -NGVD ' 29]

£91.79-ft, Brass cap [21SepP2-MGVD'29]

Hot applicable

2B6,0=306.3-ft, 4-in stainless steel, #10-slot
FIELD INSPECTION, 1%M™ay93;

4 and 6-in stainless steel easing.

4-ft by 4-ft concrete pad, & posts, 1 removable.
Capped and locked, brass cap in pad with well 1D.
Hat in radiation zone.

Geologist

Mot applicable

Hot applicable

Hot applicable

55T monthly water level measurement, 200ct®2-24Jun®3;
WHC ESEM W/l monitering amd RCRA sampling
Hydrostar, intake @ 289.1-ft (GS)

[215ep92-200€)
[HAMCONY] 2
[NADBZ-215epF2]
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WELL CONSTRUCTION AND COMPLETION SUMMARY

brilling Dowrhole harmer Seeple Afr returns WELL TEMPORARY
Method:BackheefAir rotary Method: Continous MUMBER: 299-E2G5-LB WELL WO:

prilling Additives Hamford ]

Fluid Used: Kone Used:_Hone documented Coordinates: W/5 _M 40, 454.8  E/W
prillerts WA State State HADEZ K 135,815.16m f w
Hame: D, Mingo Lic Wri_Mot documented Coordinates: W 445 638 E 2,248,405
prilling Company Start

Cospary:_Jensen Deilling Co  Location:Mot documented | Card #:_ Mot dociumented T R L4
Date Date Elevation

Started: 01Jul92 Complete:010ct92 Ground surface: &79 68-ft {Brass cap) .

Depth to water:_276.3-ft 25Aug92

{Ground surface}2ly.0-ft 22Jun?3 I +— Elevation of reference point: [582.31-ft]

(top of casing)
Height of reference point above[ 2.63-ft )
ground surface

GEMERALIZED Geologist's
STRATIGRAPHY Log

Depth of surface seal [2,0-10,3-ft)
Type of surface seal:

Cement grout, 2.0=10.3=ft

Ligh=ft x &-in concrete pad

extends 2.0-ft into annulus

0=20: SAHD

20=30: Gravelly (pebbly) SAND
30-40: Sandy L&) GRAVEL
40=50: 51 gravelly (pebbly) SARD
S0=60: Sandy {pebble) GRAVEL
&0=T5: 51 silty sandy (pebble) GRAVEL
T5=B5: (Pebble) GRAVEL

Haole diameter,

HANFORD Upper coarse/HANFORD O3 5-4 =im n
Fine contact B85-ft - o 1=
B5=90: (Pebbly) gravelly SAKD 168 A=z -FL, §-

S0=110: Sl ailry SAKD

110=202: SAND )
202-208: Silty SAND 4-in 10 stainless steel cazimg,
208220z SAND +1,4+=274 3-ft

220-225: (Pebbly) gravelly SAND
2E5+230: Sandy (cobble) GRAVEL
230=235: (Pebbly) gravelly SAND
235+-2465: SAND
265=268: Silty SAND
26B-264.5: SAND
HANFORD Fine/RINGOLD
contact ® 266.5-ft
266, 5+280: Sandy SILT
280-285: 5| gravelly SAND
285-295: 51 sandy GRAVEL
295+297.51 Sandy GRAVEL

| Bentonite erusbles,
10 - B=20-mesh

-in bentenite pellets
262, 6-268.5-ft

|

S

51-—} Silica sand pack,
HEE | & - (=t~ mesh
B
=5
S —! 4=in T304 stainless steel screen,
mitin 275, 3.294 &-fr, #10-slot
S Wicap
Ce
1]
=i
i}

8

|-. | Borehole drilled depth: 297.5-ft

Drasing By:_R L.
Date :_085epS3
Reference i _WHC-SD-EW-DP-




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGMATION
RCRA FACILITY
CERCLA UNIT

HANFORD COCRDIMATES
LAMBERT COORDIMATES

DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMZTER

ELEV TOP CASING
ELEV GROUKD SURFACE
PERFORATED INTERVAL
SCREENED INTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMERTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE

CURRENT USER

FUMP TYPE
HAINTENANCE

e wn

[T ET ]

T T E= 3 mm w Em

i

RESOURCE PROTECTION WELL - 299-E25-48

299-E25-48
Grout
Not applicable

N 40,456.8 W 45,816.1  [30DecH2-200¢)
N 445,638 E 2,248,405 THANCONV] ;

N 135,815.1ém E  575,823.43m [NADB3-300ec2]
octy?

297.5:t

286.1-ft, 03Nov92

275.3-ft, 25AugS2

277.0-ft, 22Jun®3

&-in, stainless steel, +2.6~70.5-ft;

4=in, stainless steel, +1.4=274.3-1¢

&82.31-ft, [30DecP2-HGVD ' 29)
679.68-ft, Brass cap [300ec?2-HGVD'2%]

Hot applicable

274 .3=294 . .6-ft, &-in stainless steel, #10-slot
FIELD INSPECTION, 03Nov92;

& ard &-1in stainless steel casing.

4=ft by 4-ft concrete pad, & posts, 1 removable.
Capped and locked, brass cap in pad with well 1D.
Hot in rediation zone.

Gealogist

Hot applicable

Hot applicable

Hot applicable

A-29 Ditch monthly water level measurement, 140ec92«2Z2Jun%3;
WHC ESEM w/l monitering and RCRA sampling,

PHL sitewide sampling 93

Hydrostar, intake @ 257.6-ft (GS)
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WELL COMSTRUCTION AND COMPLETION SUMMARY

brilling Sample WELL TEMPORARY

Hethed: Cable tosl Mathod: NUMBER: 299-E24-% WELL Wa:

brilling Additives Hanford

Fluid Used: Water Used: Coordinates: N/S _W 42,172 E/W W &5, B42
Driller's WA State State

Hame: Lueck Lic Hr:_Not docimented | Coordinatea: M LT 354 E__ 2,248 375
orilling Company Start

Compeny:_Hot documented Location:Not documented | Card #:Hot documented T R S
Date Date Elevation

Started:_01AprS8 Complete:_23AprS8 Ground surface: Mot documsnted

Depth to water;252.5-ft AprS8
{Ground surface) 252-ft Fel

GERERALIZED
STRATIGRAFHY

briller's
Log

0=5: SAMD-COBELES

S=20: GRAVEL

20=55: Cse SAKD

55=55: SAND

&5+75; Fine GRAVEL

T5=80: Cse SAND

B=145: Fine GRAVEL '
145+160: SANMD + GRAVEL
160+=185: Fime GRAVEL
185+190: GRAVEL

190-200; Cse GRAVEL, Litcle SILT
200-203; SILT and GRAVEL
203=210: GRAVEL

210+230: SAND

230=235: GRAVEL and SAND
235-250: Cse GRAVEL
240-250: GRAVEL

250=2565: SAND + GRAVEL
265+275: GRAVEL + SAND
2T5+280: SAND + GRAVEL
280+285: GRAVEL

285+292.5: SAND and GRAVEL

REMEDIATION:
Febl2 by GarciafHatch;
Perforated B-in casimg,
0=195-ft, 2 cuts/rd/ft.
Set 6-in casing to 200.5%-ft, (TOC)
on packer. Placed 10-gals samd
and grouted with 158-gals cement.

Casing has apparently been
extended 2.1-ft in 1788.
Kot documented.

Drewing By:_RK 26-05.A%

Date : gﬂmﬂ
1 _HAMFORD WELLS

Reference

I 11 Elevation of reference point: [551.07-ft
(top of casing)

| Height of reference point abovel[ WD 1
[_ graund surface
%

| Depth of surface seal
Type of surface seal:

| Cement grout between é-in liner
srd 8-in (perforated) casing
Assumed 2-ft round pad,

[O=195-ft ]

E-in 10 carbon steel cazing,
Tl 0292, 5-ft

Perforated during remediation,
0=155-f

—_—
L]

6-in 10 carbon steel casing,

#Mp= -

Hole diameter, -in nominal,
0-292,5-f¢

Sand plug,
pepth not documented

Packer set

B T1F9.5-ft

8-in casing perforations,
237=273- ft
2TT=29 1

I
Il B+———! Borehole drilled depth:

=-fr
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGHMATION
RCRA FACILITY
CERCLA UNMIT

HAMFORD COORDIMATES
LAMBERT COORDIMATES
DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER

ELEY TOP CASING

An EE EE EE BB BB B BE BR BB BE

ELEV GROUND SURFACE :

PERFORATED IMTERVAL
SCREEMED INTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMENMTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE

CURRENT USER

PUNF TYPE
MAINTEMAMCE

8 E® BB FR EE = oww ww

W B AR

RESOURCE PROTECTION WELL - 299-E26-5

299-E256-5
Not applicable
200 Aggregate Area Management Study

N 42,172 W 45,842

N 447,354 E 2,248,375 [HANCONV]
Apr58

292.5-ft

Not documented

252.5-ft, Apr58

“252-ft, FebB2

8-in, carbon steel, +71.0=292 5-ft
&-in, carbon steel, +ND="199.5-ft
651.07-ft, [210ct88-200€]

Hot documented

0=195, 237«=273, and 277=290.5-ft
Hot applicable

FIELD INSPECTION,

OTHER: Casing has apparently been extended &.1-ft in 1988,

Driller

Mot applicable

Hot applicable

Mot applicable

One water level measurement, 21Jund8;
None documented

None documented
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WELL COMSTRUCTION AKD COMPLETION SUMMARY

prilling Sample
Mathod:_Cable tool N::r;ud: Hard tool {nem)
prilling Additives

Fluld Used:_Uater Used: _Bentoni

WELL TEMPORARY
WUMBER:_299-E26-& WELL MO:_299-E27-4
Hanford ;

Coordinates: W/5 _N 42 370 E/M _W 47 350

priller's WA State State
Mame:_H. Hatch Lic Nr:_Mot documented Coordinates: N LT, 550 E _ 2,047, BS6
brilling Company Start
Company:Hatch Drillirg Co Location:_Pasco, WA card #:Not_documented T R 5
Date Date Elevation
Started:_170cts0 Complete:_DBHovéD Ground surface:_Mot documented
bepth to water: ig%-ﬂ' Howsd Concrete Structure
(Ground surface) -ft HayB3  &-ft by &-ft { Elevation of reference point: [£44.78-1)
Caver (tep of casing)
GEWERAL IZED oriller's + T | height of reference point above[ KR 1
STRATIGRAPHY Lag I_ grourd surface
{Slightly) - ¥
| Bepth of surface seal [ ]
5: Sandy CLAY Mo surface seal documented,

10,152 SAND & SILT

,25: SAMD & SILT, GRAVEL to 3-in
30,35: Coarse SAND & SILT
40~40: Coarse SAND E SILT, small GRAVEL
60,65: Less SILT
73: Clean coarse SAND 1
73+85: clean coarse SAND, some SILT
0: SAND & SILT, some GRAVEL
5+110: Coarse SAND, GRAVEL & SILT
115+134: Coarse SAND & SILT
134+=153: Coarse SaND & SILT, loose
153=1T0: Coarse SAND & SILT, tighter
170,175: Coarse SAMD & SILT,

GRAVEL particles
180: Hard SAMD-SILT, GRAVEL
185,190: SAMD & SILT, loose GRAVEL <2-in
195: SAMD & SILT, GRAVEL, tighter
200=210: Large COSBLES-GRAVEL,
SAND B SILTY

215+225: Small GRAVEL, SAMD E SILT
230,235: SAKD & SILT, large GRAVEL
240: Coarse SAND, some SILT

|

8-in 10 carbon steel casing,
+ND=290-ft

Hole d:mttr, @-in nominal,

26T+24T: Soft brown CLAY = ]
24T+250: Cemented GRAVEL, SAND & SILT 1= == ! B-in casing perforaticns,
2485: GRAVEL B coarse SAND, &= = 250=290- 1
clean & loose o= £ Perforations not documented in
270: Clean coarse SAND & GRAVEL = E driller's log. From HAKFORD WELLS
273: Clean SAND T= B
280: Clean SAND, small grafned 1= B 1 Depth to bottom,
285: SAND & GRAVEL, clean = Ep “2rg-fr, 21May83
Z90: SAND & SILT, GRAVEL <2-in 4= al
= Ea—1——! B-in Johnson telescoping screen
=y 5 installed by driller,
Rl ELELEE "R4GHREG -5lo
SRR
NOTE: é;é & Well has 1.5-hp electric submersible
Wellhead {5 inclosed in EELR pusp on 3-in galvanized riser pipe
&-fr by &-f1 protective Ji-{i- i at about 258-ft
structure With round cover J"}IEJEF
over casing. i .J\i\i‘f\i’ Hit

Drawing By: REL/ZE26-06.A58

Date :_095epf3
Reference :_HANFORD WELLS

Borehale drilled depth: [_290-ft ]
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS

WELL DESIGNATION -
RCRA FACILITY
CERCLA UNIT

HANFORD COORDIMATES
LAMBERT COORDIMATES
DATE DRILLED

DEPTH DRILLED {GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

CASING DIAMETER
ELEV ToP CASING

Be mE R BE BE B8

ELEV GROUND SURFACE :
PERFORATED INTERVAL :

SCREEMED INTERVAL
COMMENTS

AVAILABLE LOGS

TV SCAN COMMENTS
DATE EVALUATED

EVAL RECOMMEMDATION
LISTED USE

CURRENT USER

PUMP TYPE
MATHTEHANCE

wE EE EE #E bE

RESOURCE PROTECTION WELL - 299-E26-6

299-E26-6
Hot applicable
200 Aggregate Area Management Stucdy
N 42,370 W 47,350
N 447,550 E 2,247,866 [HANCONV]
Hovél
290-ft
Hot documented
250-ft, Nov&0;
“241-ft, Hay23
B-in, carbon steel, +ND=290-ft
&44.78-ft
Mot documented
250+290-ft
T245-285-ft
FIELD IMSPECTICH, 23Mar92,
Inside concrete protective structure. &4-ft by &4-ft by ~1-ft.
Structure cover has cap over well casing. Mot in radiation zone.
OTHER: Structure has following information written en it:
21May83 - Depth from TOC, 278-ft, B-in.
Static H,0 level, 242-ft.
Screen 253-ft.
1.5 WP submersible pump, 3-in riser pipe.
i Top-of-pump, 258.5-ft.
oriller
Hot epplicable
Haot applicable
Mot applicable
HNo water level data
WHC ESEM operational sampling,
Electric submersible
Hay83 - Pulled pump, scrubbed screen bafled debris.
Reset new electric submersible pump.
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WELL COMSTRUCTION AMD COMPLETION SLBMMARY

Drilling Sample WELL TEMPORARY
Method: Cable tool Method: _Bafler NUMBER:_Z99-E27-2 WELL Md:_3&61-G-10
orilling Additives Hanfard

Fluid Used: Mot decumented Used:__Hot deocumented Cogrdinates: N/ _W _&£2,184 E/W _W 4B 025
priller's WA State Srate
Hame: _Greenfield Ll: Hri_Mot documented | Coordinates: W L6T 365 E__2,267,1%2
prilling Company SEart
Company:__Wot documented Locatien:Not documented | Card #:Mat documented T R g
Date Dace Elevation
Started:_ 12Aprif Complete:_QFAugsil Grewd swrface: Mot documented

Depth to water:Mot Documented

{Ground surface) | Elevation of reference point: [£86,30-11)

{top of casing before being covered over)

GEKERALIZED Driller's | Eeight of reference point above[ MA 1
STRATIGRAPHY Loeg l_ ground surface
hd
[ — I

O=3; BAND o 7 el B ! Well s documented as “Covered Ower®
Sw151 SAND and ROCK Status of annular seal or
15=20; Coarse SAND presence of inner grouting
20=40: Fine SAND rat deternined
L0=45: CRAVEL and SAND
45=50: SAND
50=55: Clayey SAND L
55-7T8: Mo log +————1 B-in 10 carbon steel casing,
TB=242: Clayey SAND Depths not documented
242+2451 SAND
265+246: Clayey SAND
265+252: SAND a——! &-in 10 carbon steel casing,
252+=2551 Clayey SAND Kp-312-ft
2552641 CLAY
264+270: Gravelly CLAY
270=275: Gravelly SAND +—! Hale dismeter, ?=in nominal,
275~27E: SAMD O=g82-ft
278=280: Sandy GRAVEL
2A0-~282: SAND
282=285: Gravelly SAND
285-2%1: SAND
201=2%2: Gravelly SAND
292+298: Sandy GRAVEL
298430T: SAND | i
307=310: Gravelly SAWD -| -

] 6-in casing pnrfuriliuns.

1 2E-300-f¢ B-in
- In0-313-fe £
1 ][l_.._-.—: gorehole drilled depth: [ 32-ft )

Drawing By: REKLS2EZT-01.ASE
__EE,’-.___

Date

Reference : HAWFORD WE

095e

C.40




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E27-2

WELL DESIGHATION
RCRA FACILITY
CERCLA UWIT

HANFORD COORDINATES
LAMBERT COORDINATES
DATE DRILLED

DEPTH DRILLED (GS)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)
CASING DIAMETER

ELEV TOP CASING
ELEV GROUND SURFACE
PERFORATED IWTERVAL
SCREENED INTERVAL
COMMENTS

AVAILAELE LOGS

TV SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMENDATION
LISTED USE

CURRENT USER

PUNP TYPE
HATNTENANCE

B mm we

BE BE ¥E B8

BE @@ BE BF BE BB B8 B8

299-E27-2

Mot applicable :

200 Aggregate Area Management Study
M o42,186 W 48,025

N 447,385 E 2,247,192 [HANCONV]
ughB

A
312-ft
Hot documented
Hot documented
8-in, carbon stesl, ND=MD-ft:
6-in, carbon steel, +HD=312-ft
&66.30-ft before being covered over
Not documented
262=312-ft
Mot applicable
Well iz documented as covered over
Driller
Not applicable
Het eapplicable
Hot applicable
Ho water level data
None documented
Hone documented
(]
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WELL COMSTRUCTION AND COMPLETION SUMMARY

brilling Sample WELL TEMPCORARYT

Method: Cable tool Hethod: Hard tool (nom) | WUMBER: 299-E27-3 MELL MO:__
prilling Additives Hanfard

Fluld Used: Water Used:_Bentenite Coordinates: /S _NW &2, 000 EfW

briller's WA State State

Kama: Lic Mr:_Wot documented | Coordinates: W &&7 177  E _ 2,266 T
prilling Compary Start

Company:__Hot documented  Location:Mot documented | Card #:Mot documented T R____ 5

Date Date Elevation

Started: 15NovS8 Complete: _1E0ecS8 Ground surface:_MWot docusented

Depth to water:_290-ft DecS8
{Ground surface)

GEMERALIZED
STRATIGRAPHY

Drillerts
Leg

O=10: SAND & SILT

T0e=i0: SAND E GRAVEL
40w=T0: Coe SAND & SILT
TO=165: SANWD and GRAVEL
165+=170: Cse SAND & SILT
170=187: Small GRAVEL
1871952 Cze SAMD E fine GRAVEL
195=240: SAND & SILT
240-280: SAND amd GRAVEL
2B80-289: GRAVEL & COBSLES
289=295: Cse GRAVEL
295-305: Cse GRAVEL & SAMD
305-320: Cse clean SAMD
320-325: SAND & GRAVEL
325=330: Very fine SAMD
I30=335: QUICKSAND
335-340: GRAVEL

J40=349: SAND & GRAVEL
345340 BASALT

T

Well may have 2 piezometers. t
0 = 280=300-ft and

P = 340-380-ft. by

Mo data but no record of removal

brawing By:_RE -03. 4
Date :_095epf3
Reference :_HANFORD WELLS

|

J_'

I +——| Elevation of reference point: [683.27-ft]

(top of casing)

! Height of reference point above[ KD 1
I_ ground surface

Depth of surface seal

[_HD 1
No surface seal documented

B-in ID carbon steel casing,
+RO-T4F-fi

Hole diameter, ¥-im nominal,

0=34%-f¢

B-in casing perforations,
2E5-322 ft, & cuts/ft
2Ee335-ft, 1 cut/ft
}5-346-ft, & cutsfic

Lad[Lad |

— "Ei' diameter, B-im nominmal,

a———1 Borehole drilled depth:

[_350-Ft ]
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-E27-3

WELL DESIGHATION
RCRA FACILITY
CERCLA UNIT

HANFORD COORDINATES
LAMEERT COORDINATES
DATE DRILLED

DEPTH DRILLED (GS5)
MEASURED DEPTH (GS)
DEPTH TO WATER (GS)
CASING DIAMETER
ELEV TOP CASING
ELEV GROUND SURFACE

mE EE BE BE BE BE B8 4B

FERFORATED INTERVAL :

SCREEMED IMTERVAL
COMHENTS

AVAILABLE LOGS

Tv SCAN COMMENTS
DATE EVALUATED
EVAL RECOMMEMDATIOM
LISTED USE

CURRENT USER

PUMP TYPE
HAIHTENANCE

299-E27-3

Mot applicable

200 Aggregate Area Management Study
M 42,000 W ,500
N 447,177 E 2,266,717  [HANCONV)
Decs8

360-ft

Mot documented

290-ft, 17Dec5s

8-in, carbon steel, +ND=349-ft.

683 .27~ ft,

Not documented

265+«3468-1t

Hot applicable

FIELD INSPECTION,

OTHER; May contain two piezometers.
briller

Not applicable

Hot epplicable

Hot applicable

Water levels measured 285epS0-010ecB2,
None documented

Hone documented
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Appendix D

Sampling and Analysis Plan

This appendix consists of a description of the statistical method used for data evaluation, the field
sampling plan (FSP), and the quality assurance project plan (QAPP). Thet-test required to caculate the
critical meansis provided in Table 4.1. The FSP specifies the location of procedures guiding sample and
field data collection. The Sampling Services Procedure Manua (WMFS 1998) includes the procedures
and project management controls intended to ensure the analyzed data and associated measurement errors
meet the quantitative and qualitative needs of the groundwater monitoring program at Waste Management
Area (WMA) A-AX. Together these documents form the Sampling and Analysis Plan (SAP). The SAP
isused asaprincipa controlling document for conducting the work identified in Section 4.3.

Activitiesidentified in Section 4.3.4 that relate to compliance issues are not currently included in the
SAP. Prior to commencement of the tasks required to bring WMA A-AX into compliance with 40 CFR
265, Subpart F, and by reference of Washington State Administrative Code (WAC) 173-303-400 (3), a
well instalation plan will be developed with a work plan and schedule to guide implementation of these
tasks.

D.1 Statistical Methods

The goal of RCRA detection monitoring is to determine if WMA A-AX has affected groundwater
quality. Thisis determined based on the results of a statistical test. According to 40 CFR 265.92 (and by
reference of WAC 173-303-400[3]) the owner/operator of an interim-status hazardous waste facility must
establish initial background concentrations for the contamination indicator parameters. specific conduc-
tance, pH, total organic carbon, and total organic halogen. This has been done for WMA A-AX by
obtaining at least four replicate measurements for each parameter from each well quarterly for 1 year.
Data from the upgradient well(s) were used to determine the initial background arithmetic mean and
variance.

Monitoring data collected after the first year are compared with the initial background data to deter-
mineif there is an indication that contamination may have occurred. A t-test is required to make this
determination (40 CFR 265.93[b]). A recommended method is the averaged replicate t-test method
described in Appendix B of the RCRA Groundwater Monitoring Technical Enforcement Guidance Docu-
ment (EPA 1986b). The averaged replicate t-test method for each contamination indicator parameter is
calculated as:

t:(;]_-;b)/sb*.‘[1+1/nb (D.1))

D.1



test statistic

x; = average of replicates from the i"" monitoring well
Xp = background average

S, = background standard deviation

n, = number of background replicate averages.

=
=
Q
®
I!—P
I

A test statistic larger than the Bonferroni critical value, t., (i.e., t > t;) indicates a statistically
significant probability of contamination. These Bonferroni critical values depend on the overall false-
positive rate required for each sampling period (i.e., 1% for interim status), the total number of wellsin
the monitoring network, and the number of degrees of freedom (n, - 1) associated with the background
standard deviation. Because of the nature of the test statistic in the above equation, results to be com-
pared to background do not contribute to the estimate of the variance. The test can be reformulated,
without prior knowledge of the results of the sample to be compared to background (i.e,, x;), in such a
way that a critical mean, CM, can be obtained:

CM =Xp, +te *Sp *+/(1+1np,) (onetailed) (D.2)
CM =X, £t *S, */(1+1n,) (two tailed) (D.3)

If downgradient data exceed the CM, they are determined to be statistically different from back-
ground. For pH, atwo-tailed CM (or critical range) is calculated and downgradient data beyond the range
are considered to be statistically different from background. If a statistical exceedance is detected, the
well will be resampled to determine if the originally detected increase (or pH decrease) was a result of
laboratory or measurement error (verification sampling). If verification sampling confirms the exceed-
ance, the owner/operator must notify Ecology within 7 days and submit a groundwater quality assessment
plan within 15 days following the notification (40 CFR 265.93[d]). The goa of the assessment monitor-
ing program is to determine if dangerous waste or dangerous waste constituents from the fecility have
entered the groundwater and, if so, to determine their concentration and the rate and extent of migrationin
groundwater (40 CFR 265.93[d]). Critica mean values for WMA A-AX are presented in Table 4.1 in
Section 4.3.3.

D.2 Field Sampling Plan

Sampling and analyses for the WMA A-AX is part of the Hanford Groundwater Monitoring Project.
Procedures for groundwater sampling, sample documentation and preservation, shipment, and chain-of-
custody requirements are described in WHC-CM-7-7, and in the project quality assurance project plan
(PNNL 1998). Samples are collected after a minimum of three casing volumes of water have been purged
from the well and/or &fter field parameters (pH, temperature, conductivity, and turbidity) are stable. For
routine groundwater samples, labels and preservatives are added to the collection bottles prior to transport
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to the field. Samplesto be analyzed for metals are filtered in the field to assure results represent dissolved
metals and do not include particulates. Procedures for field measurements are specified in the
subcontractor’ s and/or manufacturer’s manuals.

D.3 Quality Assurance Project Plan

The groundwater monitoring project’s quality assurance/quality control (QA/QC) program is
designed to assess and improve the reliability and validity of groundwater data. The primary quantitative
measures or parameters used to assess data quality are accuracy, precision, completeness, and the method
detection limit. The QC parameters are evaluated through laboratory checks (e.g., matrix spikes, labo-
ratory blanks), duplicate sampling and analysis, and analysis of blind standards and blanks. When
required, interlaboratory comparisons are made. Acceptance criteria have been established for each of
these parameters (PNNL 1998), based on guidance from the U.S. Environmental Protection Agency
(OSWER-9950.1; EPA 1986a). When a parameter is outside the criteria, corrective actions are taken to
prevent a future occurrence. Affected data are either rejected with areanalysis of the sample or flagged in
the database as suspect.

Furthermore, the data undergo a vaidation/verification process according to a documented procedure
in the Hanford Groundwater Monitoring Project QAPP. Quality control data are evaluated against criteria
provided in the QAPP. In addition, the project scientist for WMA A-AX, who has specific site knowl-
edge of historic chemical trends, the facility operations, and the local hydrogeology, screensthe data. If
the data are suspect, the lab is requested to check calculations and/or reanalyze the sample. Suspect data
are either rgjected with the reanalysis value or flagged in the database. If after reanaysis, the data are till
guestionable and pertain to exceedences in the DWS, a new sample is collected and analyzed.

Quialitative measures include representativeness and comparability. For this groundwater monitoring
program, the location of the wells with respect to WMA facilities, with respect to groundwater flow direc-
tion and rate and the interwell spacing address the goa of acquiring representative samples. In addition,
the materials used in well construction, the well construction design, and the length of the screened
interval are designed to provide samples representative of groundwater conditions in the uppermost
aquifer under the WMA. The sampling frequency is also examined with each sampling event to assure
adequacy to detect changes in groundwater quality occurring across the site. Sampling techniques are
addressed in the FSP in Appendix D.2. Analysis techniques are specified in contracts with the analytical
laboratories used by the Hanford Groundwater Monitoring Project. Most techniques are standard
methods from Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods (EPA 19863).
Alternative procedures meet the guidelines of SW-846, Chapter 10. Anaytica methods are described in
Gillespie (1999).
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Comparability is the confidence with which one data set can be compared to another. The degree to
which this can be accomplished depends upon the degree to which the data are accurate, precise, com-
plete, and representative of the groundwater conditions at the WMA. When comparisons between data
sets indicate data may be problematic, the data validation/verification processis followed until compari-
sons can be made with confidence.
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